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A simple but neglected diagnostic procedure 


Proctosigmoidoscopy is the only accurate method of polyp 
detection.' Yet internists and general practitioners, upon whom 


diagnosis often depends, continue to neglect it.’ 


Preparation for proctosigmoidoscopy in office or hospital is 
greatly simplified by the FLEET ENEMA Disposable Unit. 
Cleansing is thorough yet gentle, permitting a clear field,’ and 


more effective than one or two pints of soap suds or tap water.” 


FLEET ENEMA contains, per 100 cc., 16 Gm. Sodium Biphos- 
phate and 6 Gm. Sodium Phosphate, in a ready-to-use squeeze 


bottle with self-lubricated, anatomically correct rectal tube. 


1. Crumpacker, E. L., et al, AMA Arch, Int, Med, 98:314, 
1956. 2. Swinton, N. W., Surg. Clin. No. Am, 35:833, 1955, 


FLEET ENEMA 


Disposable Umit 


C. B. Fleet Co., Inc., Lynchburg, Virginia 
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Makers of Phospho-Soda (Fleet) 
A laxative of choice for over 60 years 
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Successful appetite control 
begins in the supermarket 


If your overweight patient can resist 
the temptation to buy high calorie 
snacks, he’s well on the road to suc- 
cessful weight reduction. You will 
find that one Dexedrine* Spansulet 
sustained release capsule taken in 
the morning controls appetite all day 
long—both at mealtimes and in the 
supermarket. 


*T.M, Reg. U.S. Pat. Off. for dextro-amphetamine sulfate, 
S.KF. +T.M. Reg US. Pat. Off. 
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For anxiety, tension 
and muscle spasm 
in everyday practice. 


® well suited for prolonged therapy 
@ well tolerated, relatively nontoxic 


@ no blood dyscrasias, liver toxicity, 
Parkinson-like syndrome or nasal 
stuffiness 

© chemically unrelated to phenothiazine 
compounds and rauwolfia 

derivatives 

® orally effective within 30 minutes 
for a period of 6 hours 


RELAXES BOTH MIND AND MUSCLE 
WITHOUT IMPAIRING MENTAL OR PHYSICAL EFFICIENCY 


Miltown 


tranquilizer with muscle-relaxant action 


dicarbamate — U.S. Patent 2,724,720 


Supplied: 400 mg. scored tablets 
200 mg. sugar-coated tablets 
Usual dosage: One or two 

400 mg. tablets t.i.d. 


Literature and samples available on request 


WALLACE LABORATORIES, New Brunswick, N. J. 
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In biopsy of the vertebral body 


Correct placement of the biopsy trocar calls for 
careful checking of position. Each radiograph made 
to guide procedure must cover a wide range of 
tissue densities, offer unusual sharpness of detail. 

You can count on Kodak Royal Blue Medical 
X-ray Film, fastest film available, to give you 
dependable results at greatly reduced exposure. 
In fact, experience shows that previously used MaS 
factors can generally be cut in half with final 
adjustments made by minor changes in kilovoltage. 


EASTMAN KODAK COMPANY 
Medical Division, Rochester 4, N.Y. 


In developing: To take full advantage 
of the greater speed of Royal Blue, 
it should be developed for 5 minutes 
at 68°F or the equivalent. For top 
performance use Kodak Liquid 
X-ray Developer and Replenisher 
or Kodak Rapid X-ray Developer 


Order from your 
Kodak x-ray dealer 
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URECHOLINE. 


CHLORIDE - 


(BETHANECHOL CHLORIDE) 


Prophylactic use of URECHOLINE Tablets considerably 
simplifies the management of postoperative abdominal 


distention. Clinical studies! show improved gastro- 
p g 


intestinal tone and increased peristalsis with expulsion 
of flatus (often within thirty minutes), following oral 
administration of 10 to 20 mg. three to four times 
daily. In difficult cases, subcutaneous injection increases 
the number of successful responses. 


Other indications: postoperative and postpartum 
urinary retention, hexamethonium-induced side effects, 
and megacolon. 


Supplied: 5 mg and 10 mg tablets, botties of 100, | cc ampuls, each containing 5 mg. of 
URECHOLINE Chloride 


Reference: | Stafford, C Kugel, A and Dederer, A. Surg. Gynec. & Obst, 89.570, Nov 1949 


URECHOLINE 18 TRADEMARK OF MERCK &@ CO. INC 
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MERCK SHARP & DOHME 


DIVISION OF MERCK & CO tne. PHILADELPHIA 1, PA 
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NEW SteriSharps guarantee surgeons STERISHARP SUPERIORITY 


consistent sharpness...in every blade! 


SteriSharps are the sharpest, most uniform, most durable sharps 
made today—assure surgeons flawless blade performance every * 
single time! Only SteriSharps are tested by the A:S:R Sharpometer'’ ‘aA 


BLADE STERISHARP 


—an instrument that measures sharpness electronically. Guarantees 

These unretouched photos (magnified 
consistent sharpness blade after blade—without fail. 
And SteriSharps eliminate old methods of handling and prepar- times get a dull carbon blade...demon 
strate the superiority of new SteriSharps. 
Phe ordinary blade edge (left) is ragged 
edge. SteriSharps come sealed in foil, ultrasonically cleaned and ... has nicks and burrs that can snag 


ing blades—methods that may destroy asepsis, impair the cutting 


issue. The SteriSharp (right) 
ready for instant use. Free samples available to surgeons. Write: tissue. The SteriSharp (right) hes « 


‘ le 1, nifor n ed re 
Hospital Division, Dept.AA,380 Madison Ave., N.Y.17,N.Y. 


A-S-R Sterisharps . «the first sterile, stainless-steel surgical blade 
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with Neraval— 
prompt awakening 


A PRACTICAL ADVANCE 


SODIUM 


in thiobarbiturate anesthesia 


and many other situations 
in which advantageous use can be made of 
‘*...the shortest-acting thiobarbiturate so far....’’* 


NE.J.167 
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..-distinetive among thiobarbiturates 


for its briefer action and 


lesser tendency to accumulation 


NERAVAL is detoxified and eliminated faster than thiopental 
or thiamylal.*” With NERAVAL, therefore, there is prompt, 
lucid awakening and a more rapid, notably more complete 
recovery than with other intravenous anesthetics.’*"" 


This characteristically swift NERAVAL recovery renders 
thiobarbiturate anesthesia pleasant for the patient and 


practical for the physician. For the patient —less postoperative 


“hangover” depression and incapacity; for the physician — 


less need of postanesthetic supervision and attention.’** Use of 


NERAVAL simplifies the procedure and makes it more widely 
convenient for medical practice. 


Since NERAVAL has lower milligram potency than earlier 


thiobarbiturates, it permits very quick lightening of anesthesia 
and requires higher dosage for equivalent anesthetic effect. 


i le ing 
NERAVAL Sodium Sterile Powder: 

vials of 1 Gm. and 2 Gm., boxes of 6 and 25; 
vial of 5 Gm., boxes of 1 and 25. 
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WBETHANECHOL CHLORIDE) 


URECHOLINE offers worthwhile therapeutic and 
psychologic advantages in managing urinary re- 
tention. in one study', prophylactic administration 
of URECHOLINE Tablets to 129 postpartum pa- 
tlents reduced the incidence of urinary retention 
8O per cent. The dose was 15 to 30 mg. orally, 
commencing on the patient's return to her room 
after delivery, and repeated every four to six hours 
for the first twenty-four hours. This regimen usually 
eliminates the necessity for exposing the patient 
to the discomfort and risk of infection inherent in 
catheterization. 

Supplied: 5 mg and 10 mg. tablets, bottles of 100, ice ampuls, each containing 5 mg of 
URECHOLINE Chioride 

Reference: | Fleming, AR, Am. J. Obst, & Gynec, 4.194, July 1952. 
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Spontaneous Pneumothorax 


Hospitalized Cases 


Introduction 


According to Laennec, it was Itard,’ in 
1803, who first recognized pneumothorax 
as a pathological entity and gave it the name, 
although Riolan may have recognized it as 
early as the 17th century. Laennee him 
self,” however, was the first to give an 
accurate and comprehensive clinical descrip 
tion of spontaneous pneumothorax and to 
appreciate its possible relationship to pre 
existing emphysema and bleb formation. 

In the last half of the 19th and the early 
part of the present century tuberculosis was 
considered to be the predominant cause of 
spontaneous pneumothorax. lor example, 
1880, the 
pneumothorax from three Viennese hospi 
tals. Among 918 instances, 715, or about 
80%, But as 
early as 1819 Laenneec® described the find 


Biach,! in collected cases of 


were ascribed to tuberculosis. 


ing of pneumothorax at autopsy without 
evidences of associated pulmonary tuber 
In 1856 MeDowel '* reported the 
case of a young man who suffered “a sudden 


culosis 


occurrence of pneumothorax on the left 
side, arising from the accidental rupture of 
an air vesicle; with dry pleuritis; absence 
of tuberculous disease; recovery.”” Chauf 
1896, and Osler,’* in 1898, each 
which the reaction to 


fard, in 
described a case in 
Submitted for publication April 4, 1957 
From the Department of Surgery, Yale Univer 


sity School of Medicine 


Al Consideration of Pathogenesis and Management with Review of Seventy-Two 


GUSTAP E. LINDSKOG, M.D., and NICHOLAS A. HALASZ, M.0., New Haven, Conn. 


tuberculin was tested and found to be 


negative. A definitive survey by [ussell 
and Riesman,* in 1902, yielded 56 cases, 
The 
1933, 


established that a large majority of cases of 


including 2 of their own. excellent 


thesis of Wjaergaard,* in finally 
spontaneous pneumothorax are now on a 
nontuberculous basis and gave impetus to 


further clinical and pathological studies 


Pathogenesis 


Several mechanisms operate in the genesis 
of spontaneous pneumothorax, of which the 
fundamental one appears to be localized 
emphysema with rupture of a vesicle and 


Air 
subpleurally and rupture into the pleural 


interstitial air dissection. may collect 
space or dissect toward the hilus of the lung 
to accumulate as a pneumomediastinum with 
or without rupture and secondary pneumo 
thorax.'’® Blebs forming subpleurally usually 
have an exceedingly thin wall, consisting of 
areolar tissue with a few elastic fibers and a 
filmy covering of pleural mesothelium 

Such lesions are usually small, circum 
scribed, and not associated with generalized 
pulmonary changes. Rupture of a bleb oc 


curs as a result of rises in pressure. 
Hayashi ® emphasized the great importance 
of valving in the peripheral branches of the 
bronchial tree, as produced by postinflam 
matory changes, bronchospasm, mucus, and 


exudates. Definite valving effects at the 
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blebs 
Considering the 


junction of alveoli and were also 


deseribed by WKjaergaard. 
endemic frequency of acute and chronic 


bronchopulmonary infections in northern 
climates, it is remarkable that spontaneous 


fre- 


relative 


pneumothorax does not occur more 


quently. The explanation its 
rarity lies in the protection afforded the 
lung by collateral pathways for the passage 
of air, as first deseribed by Van Allen, 
Lindskog, and Richter '? in 1930. Collateral 
respiration (or ventilation) provides an in 
direct peripheral pathway for the passage of 
gases between adjacent lobules and segments 
bronchial route of one is 


when the direct 


occluded, 
well- 
recognized complication of berylliosis and in 


Spontaneous pneumothorax a 
these cases may even be bilateral. Interstitial 
emphysema and spontaneous pneumothorax 
may be a complication of necrotizing bron 
chiolitis in infaney, especially the staphylo- 
Another 
of spontaneous pneumothorax is secondary 


coceal variety.? uncommon cause 
or compensatory emphysema, arising as a 
sequel to large reductions in lung volume 
related to obstructive 


agenesis, fibrosis, 


atelectasis, or surgical ablation, 


Case Material 


The present report summarizes a 10-year 
the 


experience in management of  spon- 
taneous pneumothorax in the New Haven 
Hospital between the years 1945 and 1955. 
There were 72 patients, of whom 36 were 
admitted to the the 


other 36 to the surgical thoracic service. 


medical service and 
Sixty-two, or 86, of the patients were 
The the 
patients ranged from 6 days to 78 years, 


male and ten female. ages of 
but the average was 34 years. Of the 72 
patients, 54 were natives of the New Eng 
land states and New York; 7 were born in 
Kurope, and the remaining 11 in’ various 
states of this country. 

Type of Onset and Symptoms 


monest first symptom was pain, and this 


The com 


occurred initially in 50 cases, or 699 of 
the total. The pain was usually pleuritic, 


694 


A, M. A, ARCHIVES OF SURGERY 


unilateral, and sometimes radiated to the 
neck and shoulder. Dyspnea without pain 
Was a primary symptom in 9, or 12.5%. 
Pain and dyspnea appeared simultaneously 
in 6, or 8.3%. 


a bubbling noise or 


Three patients first noticed 
the 
Two observed that they were be 


sensation within 
chest. 
coming cyanotic. One had a feeling of con 
striction in the chest and another epigastric 
distress, 

At the time of hospital admission, 59 
patients, or 82% of the total, complained 
of chest pain, and 51 had some degree of 
dyspnea. Six had a noticeable cough, and 
another six were cyanotic. 
had fainted. 
orthopnea, tachypnea, diaphoresis, and a 


patients 
Other rarer symptoms were 
sensation of constriction. In most cases the 
chest pain tended to decrease gradually, 
especially when adhesions were not demon 
strable. 

An entirely insidious onset without 
particular symptomatology was observed in 
eight cases. However, in all but one of these 
the episode was a recurrent one rather than 
primary. 

The recorded activity of the patients at 
the time of onset was as follows : 

Coughing 
sending over 
Walking ...... 
Lifting 
Shoveling 
Cranking a car 


Sitting quietly 
Lying down .... 
Standing up 
In airplane 
Not known 21 
History. 
were known to have had at least one 


Past 
24%, 
previous episode of pneumonitis, and six 
had had_ pleurisy. 


Seventeen patients, or 


Chronic bronchitis was 
diagnosed in five instances. Three patients 
were recorded as having allergic rhinitis and 
two asthma. There were single instances of 
silicosis, bronchiectasis, previous severe 
pertussis, and pulmonary tuberculosis in the 


opposite lung. 
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The smoking habit was recorded in 48 
adults. Of these, 8 were nonsmokers; & 
smoked less than one package of cigarettes 
a day, and 32, or 67% of the group with 
known smoking habits used one or more 
packs a day. 

Laboratory, Radiographic, Other 
The purified protein derivative 
38 cases 


and 
Findings. 
(PPD) 
and was positive in 71%. 

Of the pneumothoraces, 41, or 57%, were 
localized to the right side; 29, or 40%, to 
the left, and 2 were simultaneously bilateral. 
radio 


test was carried out in 


Pneumomediastinum was associated 
graphically with the pneumothorax in five 
patients, or 7%. 

Nineteen patients, or 26% of the entire 
series, had evidence of free fluid in the 
affected pleural cavity prior to any diag 
nostic or therapeutic manipulations. Four 
of these remained untapped. The aspirated 
fluid was serous in 11 cases and frankly 
bloody in 4. Massive intrapleural hemor- 
rhage proved a serious problem in only 
two cases; from one, a total of 6300 ml., 
and from the other 4700 ml., of blood was 
aspirated before cessation of bleeding. 

Diffuse 
seen in the postexpansion roentgenograms 
of 14 patients, or 19% of the total. Local- 
ized bullae or blebs radiologically 
demonstrable in an additional 14. 

History of Attacks.-In 49 
68%, there was no recognizable 
history of a previous spontaneous pneumo 
thorax. The other 23, or 320, had a total 
of 76 recorded episodes, an average of better 
than 3 per patient. The 
observed principally in patients who had 


emphysematous changes were 


were 


Previous 


cases, or 


recurrences were 
been treated in this hospital or elsewhere 
by bed rest alone. Only three of the recur 
rences were known to have occurred after 
needle aspiration had been employed, and 
four, after the employment of intercostal 
catheter suction in the original treatment. 
Six patients, or 8%, of the entire series 
had previously experienced one or more 
episodes of contralateral pneumothorax. 
Of the 72 patients who com- 
26, or 36%, 


Treatment. 
prised the present 


Halasz 


series, 


Lindskog 


were managed by bed rest alone. Naturally, 
the majority of these (or 20) were treated 
on the medical service. Eight patients were 
subjected to one or more thoracenteses, and 
twenty-nine, or 40% were maintained for 
variable periods of time with intercostal 
tube or catheter suction drainage. 

subjected to 
22% of the 


22% 
those treated on 


Sixteen patients were 
thoracotomy. These represent 
total 


the surgical service. Among the 16 who 


series and 44% of 


eventually required exploratory thoracotomy 
were 5 of the 29 initially treated by inter 
costal suction dramage and 2 of 6 who 
were subjected to thoracoscopy. 

Of the 20 patients whose pulmonary sur 
face was visualized either by thoracoscopy 
or by open chest surgery or by both, an 
actively leaking pleuropulmonary fistula was 
definitely demonstrated in only 4. The re 
mainder showed blebs, bullae, or emphysema 
but no demonstrable leaking point. 

Some type of pulmonary resection was 
14 of the 


Ten had local wedge resections of blebs or 


carried out in 16 thoracotomies. 


cysts. Three were subjected to segmental 
resections of the involved areas. One had a 


combination of middle lobectomy and = a 


wedge resection. During the course of the 
thoracotomy all adhesions were lysed. A 
parietal pleural abradement with dry gauze 
was performed in some cases to promote 
subsequent adhesion formation. Deecortica 
tion of chronically collapsed lobes was re 
quired in two instances, 
Results of Follow-Up Studies 
nitis of the right lower lobe developed in 


Pneumo 


one patient who was under treatment with 
bed rest alone, and this responded well to 
There was no instance of clini 
There 


was no mortality in the thoracotomy or other 


antibiotics. 
cally recognizable pleural infection 


treatment groups. 

Follow-up data are recorded in the ae 
companying Table. With the cooperation of 
family and referring physicians, 63, or 
87.5%, 


evaluated. 


of the series have been traced and 
Among 22 
there 
Twenty-six patients in the thoracentesis 


patients treated by 


bed rest alone were 4 recurrences. 
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Data on Follow-Up Studies in Cases of Spontaneous Pneumothorax 


Duration of Follow-Up, Yr. 
Iss than one 
One lo two 
Two to four 
Five or more 10 
Totals 


Average duration of follow-up, yr 45 


intercostal suction group and fifteen in the 
exploratory thoracotomy group have been 
The 


CASCS, 


followed, with no recurrences to date. 
average follow-up interval for all 
medical and surgical, was 3.7 years. For 
the patients treated by bed rest alone the 
average interval was 4.5 years; for the 
thoracentesis-suction group 3.4 years, and 
for the thoracotomy group, 3.6 years. 
Pathology.-I-xamination of the 14 re 
sected specimens showed apical subpleural 
blebs in 7, solitary bullae in 3, and a com 


bullae in 4. Most 


specimens demonstrated some degree of fo- 


bination of blebs and 
cal emphysema, with hypertrophy of the 


smooth muscle elements bronchi and 


blood vessels, 


Comment 


The average age of the patients in this 
series, 34 years, is almost a decade higher 
that 
ports.'°!* This may be simply a reflection 


than recorded in some earlier re 
of the rising average age of the entire 
population and of the fact that spontaneous 
pneumothorax sometimes occurs in elderly 
emphysematous patients. 

The initial and abrupt onset of chest pain 
in the majority of cases is not easy to 
explain. It seems to occur cither the 
presence or in the absence of demonstrable 
pleural adhesions, and with either large or 
small degrees of pneumothorax collapse. In 
contrast, severe pain is not frequent in 
artificially induced pneumothorax. An im- 
portant factor may be the rapidity of the 
collapse or of the air dissection in_ the 
interlobular septa. 
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Bed Rest 


22 (4 recurrences) 


Method of Treatment 


Thoracentesis or Suction Thoracotomy 


4 (2 recurrences) 
4 (1 recurrence) 


5 (1 reeurrence) 


26 (0 recurrence ) 15 (0 recurrence) 


34 


Only a small fraction of the patients were 
known to be in a state of physical activity 
at the time of onset. This is a commonly 
reported experience and suggests that the 
pressures responsible for the leaks are in the 
normal physiological range. [-xperiments 
on normal lung! have shown that inter 
stitial emphysema can develop at pressures 
not greater than 20 cm. of water. 

A majority of the patients in this series 
presented no history of antecedent respira 
While 24% 


have had at least one episode of antecedent 


tory tract disease. claimed to 
pneumonia, the commonest historical back 
ground was that of a previous episode of 
this 
It may be significant that in the 


spontaneous pneumothorax; occurred 
in 32%. 
group of patients who had been questioned 
about their smoking habits for the record, 
67% admitted to the use of at least one 
pack of cigarettes per day. This unexpected 
finding suggests that the chronic bronchitis 
and cough associated with the excessive use 
of cigarettes may aggravate a predisposing 
focal emphysema. 

The incidence of previous recurrent at 
tacks is higher in the present group of 
cases than in many previously reported *" 
and is undoubtedly weighted by the circum 
stance that the New Haven Hospital is a 
Many 
patients with slight spontaneous pneumo 


referral center for thoracic disease. 


thorax and minimal symptomatology are 
never admitted to any hospital; indeed, in 
some the disease is never diagnosed. 

A majority of the observed recurrences 
have followed upon treatment by bed rest 


alone, Early intervention with needle aspira 


tion or catheter suction drainage results in 
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fewer repeat episodes. This improvement in 
prognosis by early intervention ts too readily 
ascribed to the production of diffuse pleural 
adhesions. The opportunity to explore a 
number of pleural cavities after catheters 
have been in place for several days demon 
strates clearly that the resultmmg adhesions 
are unpredictable in extent and likely to 
be minimal. A more suitable explanation 
may be the rapid and early reexpansion 
which needle aspiration or polyethylene 
(Polythene) tube suction may effect. [arly 
reexpansion brings the tiny leaking point 
in the visceral pleura into apposition with 
the parietal pleural surface. Thereafter the 
small area of inflammatory reaction and 
exudation about the visceral pleural defect 
becomes adherent to the parietal pleura by a 
process of selective local fixation. Early and 
rapid reexpansion also prevents the devel- 
opment of a thickened visceral pleura and 
fibrotic contraction of the subpleural con 
nective tissue and interlobular septa, both 
of which tend to favor chronic collapse. 

The rare occurrence of massive hemor 
pneumothorax de 


rhage in spontaneous 


serves some mention.'® There were two 


instances in the present series; both patients 
The bleeding 


recovered completely. may 


be derived from small vessels in a_ torn 
adhesion or from bronchial arterioles at the 
point of pleural perforation. Supportive 
measures with transfusion usually suffice, 
but there may be need to perform thoracot- 
omy in a rare case which does not come 
rapidly under control. 

Pneumonitis and pleural empyema are 
exceedingly rare complications of spontan 
eous pneumothorax, being almost nonexist- 
ent. The 


explained by the usually minute size of the 


rarity of empyema may _ be 


leaking point and the natural sterility of the 


peripheral bronchioles and the pulmonary 


parenchyma. 

A survey of the results in this series of 
72 cases has led to some change in our 
attitude toward treatment. Patients in the 
first attack, though 


should be hospitalized. An intercostal poly 


even asymptomatic, 


Lindskog—Halasz 


ethylene tube (of 0.067 in, diameter) should 
be introduced into the pneumothorax space, 
using a No, 15 needle as a cannula. Intro 
duction is usually made conveniently in the 
second anterior interspace at about the mid 
clavicular line. An 18 I. needle ts used as 
an adapter. Constant suction is applied, us 
12 to ~—14 em. of 


is maintained until ai 


ing a level of about 
water. The suction 
leakage has been absent for a consecutive 
24-hour period; the tube is then removed 
Should an air leak persist or recur, so that 
radiologically 


a pneumothorax is evident 


after five to seven days, an exploratory 


thoracotomy should be done unless some 


contraindication exists in the patient's gen 
eral condition, 
the second attack of 


Patients seen in 


spontaneous pneumothorax nay be given 
a trial of intercostal suction-tube drainage, 


bulla 


recnigenograms or 


unless definite bleb or formation can 
be demonstrated by 
thoracoscopy, in which event a thoracotomy 
for surgical excision is advised. Patients 
observed in a third or later episode should 
be prepared routinely for exploratory 
thoracotomy. 

In neglected Primary Cases, where pneu 
mothorax has persisted for some weeks or 
months before definitive treatment, the effect 
suction drainage 


of intercostal may be 


evaluated. If the lung expands rapidly, as 
it may, and cessation of air leakage eccurs 
within 48 to 72 hours, thoracotomy can be 
deferred, Otherwise, surgery will expedite 
the convalescence and improve the end-re 
sult, since decortication may be required 
In only a minority of the cases subjected 
to exploratory thoracotomy for spontaneous 
pneumothorax can a definite and actively 
leaking point be identified. In most of the 
others, however, superticial blebs or more 
deeply situated bullae will be demonstrated 
in the apical or posterior segment of the 
upper lobe, the superior segment of the 
lower lobe, or less commonly elsewhere. 
Local wedge resection or subsegmental or 
segmental excisions ordinarily suffice to ex 
tirpate the visible disease 


When no ap 
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parent pulmonary disease is discovered even 
after slight overinflation of the entire lung, 
with 
mechanical abrasion of the parietal pleura, 


the operation should be concluded 
using dry gauze as the irritant. Excision of 
the parietal pleura has recently been sug- 
gested ® to accomplish a diffuse obliteration 
of the pleural space. 

The routine use of irritating physical and 
chemical agents injected blindly into the 
pleural space to promote sterile pleuritis, ef- 
fusion, and adhesion formation is not 
recommended as a procedure of choice, The 
results in the present series clearly indicate 
that simple tube suction drainage is  or- 
dinarily effective in reexpansion of the lung 
and in the prevention of late recurrences. 
Where one is concerned with a recalcitrant 
second, third, or later attack, it appears 
wiser to extirpate the offending, usually 
localized, pathological process in the lung 
rather than to rely upon an unpredictable 
degree of artificial pachypleuritis as an 
indirect method of control, 


Summary 


Seventy-two cases of spontaneous pneu- 
mothorax hospitalized on both medical and 


surgical services during a recent 10-year 


period have been critically reviewed, One 


third of the cases were problems of recur 


rence and had an average of — three 


The 


cases were generally found to have been 


recognized prior episodes, recurrent 
treated previously by expectant methods and 
bed rest. 

Rapid reduction of the pneumothorax and 
early expansion of the collapsed lung appear 
to be the most significant factors in fore 
stalling recurrence. Reexpansion is most 
conveniently and certainly effected by the 
use of small-caliber plastic tubing placed 
intereostally for constant suction. Explora- 
tory thoracotomy and very conservative re- 
the 


treatment of choice in persistent and recur- 


section of the causative lesions is 
rent cases. 

Dr. Averill A. Liebow carried out the patho 
logical study of the 


789 Howard Ave. (4) 


excised specimens, 
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Editorial Note 


Navy Consultants’ April, 1957, Trip to U. S. 
Armed Forces Hospitals in the Far East 


In the last two weeks of April of this year, 12 naval medical consultants,* 
including 6 Naval Reserve medical officers on temporary active duty, presented 
a group of formal papers, made ward rounds, and consulted with the medical 
officers at the Tripler Army Hospital in Honolulu, the U. S. Naval Hospital in 
Yokosuka, Japan, and the U. S. Naval Hospital on Guam. In addition, they 
visited the University of Tokyo Medical School and Hospital, the Cancer Institute 
of the Japanese Foundation for Cancer Research, the Medical Institute of the 
Sasaki Foundation in Tokyo, and the Surgical Clinic of Prof. Komei Nakayama 
at the Hospital of Chiba University, Japan. The consultants were impressed and 
pleased by the residency- and intern-training program of the U. S. armed forces 
hospitals visited, the excellent care that patients were receiving, and the efforts 
that were being made to carry out investigative work, both clinical and experi 
mental. Many interesting activities were seen at the University of Tokyo Hospital 
and at Professor Nakayama’s surgical clinic (Chiba University). The experi 
mental studies in cancer by Professor Yoshida at the Cancer Institute (Tokyo) 
were original, valuable, and well controlled. 


On our flight from Guam to Honolulu, a stop was made at Kwajalein, and 
ward rounds were made with the two young naval medical officers in charge. 


* W. E. Adams, M.D., Professor of Surgery, University of Chicago School of Medicine 

Kdward L. Compere, M.D., Professor and Chairman, Department of Orthopedic Surgery, 
Northwestern University Medical School 

Rear Adm. W. McK. Craig (MC), U. S. N. R. (Ret.), Professor and Former Head of 
Section of Neurological Surgery, Mayo Clini 

Comdr. George Crile Jr. (MC), U.S. N. R., Head of Department of General Surgery, 
Cleveland Clinic 

lames Eckman, Ph.D., Section of Publications, Mayo Clink 

Capt. Paul W. Greeley (MC), U.S. N. R., Professor of Surgery aml Chief, Division of 
Plastic Surgery, University of Illinois College of Medicine 

lohn S. Lundy, M.D., Professor and Former Head of Section of 
Clinic 

Kear Adm. Alphonse McMahon (MC), U. S. N. R., Associate Professor of Medicine, St 
Louis University School of Medicine 


Anesthesiology, Mayo 


Gilbert H. Marquardt, M.D, Associate Professor of Medicine, Northwestern University 
Medical School 

S. A. Morton, M.D. Professor and Head of Department 
University Medical School 

Capt. J. Peerman Nesselrod (MC), U.S. N. R., Assistant Professor 
western University Medical School 

Rear Adm. Waltman Walters (MC), U. S. N. R. Professor and 
Surgery, Mayo Clini 

Rear Adm. W. F. James (MC), U.S. N., District Medical Officer, Ninth Naval District 


organized and accompanied the group and arranged the meetings 


ot Rachology, Marquette 
ot Surgery, North 


Head of Section of 
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At my request, Col. Warner F. Bowers, Chief of the Department of Surgery 
of Tripler Army Hospital, was asked to contribute to the ArcuIves an article 


on the surgical residency- and intern-training program there and, in addition, an 


abstract of the papers presented at a symposium on “Surgery in Acute Trauma,” 
held at the Tripler Army Hospital during the afternoons of April 1 to 5, 1957. 
These articles appear in this issue. A later issue will carry a more detailed report 
of the trip to these and the other hospitals visited. 


WaLtMAN Watters, M.D. 
Mayo Clinic 


The Surgical Residency Training Program at 


Tripler Army Hospital 


COL. WARNER F. BOWERS (MC), U. S. Army 


The General Surgery Residency at Trip- 
ler Army Hospital is administered under 
policy guidance from the Office of the 
Surgeon General and conforms to the “Is 
Residencies — and 
the 


bodies. 


sentials of Approved 
various 
The 
training program is of four years’ duration 


Fellowships” prescribed by 


national civilian approving 
for successful candidates, with opportunity 
for a fifth year for one outstanding man. 
The columnar system is for 
this fifth the that 


residents are dropped for failure to measure 


used except 


year, with reservation 
up to high standards, even though a vacancy 
is thus created. There are three residency 
slots in each of the four years. All residents 
are members of the Regular Army or Reg- 
ular Air Force, and rotations are so ar- 
ranged that at least half of each year ts 
spent in general surgery, with increasing 
responsibility. The rotations include three 
months of urology in the first year, four 
months of fractures in the second year, and 
four months of pathology in the third year. 
The fourth year is spent entirely on general 
surgery, which includes thoracic and plastic 
surgery, neurosurgery, and proctology. 
Outpatient and follow-up clinics in gen- 
eral surgery, thoracic surgery and endos 
copy, 


surgery, and neurosurgery are run by the 


proctology, plastic surgery, minor 
resident staff with senior-staff consultation. 
It is so arranged that patients are seen 
initially, operated upon, and followed in 
clinic by the same doctors in order to pro- 
doctor 


vide continuity and foster good 


patient relationship. Twice monthly, there 


Submitted for publication May 23, 1957 
Chief, Department of Surgery; Chief, General 


Surgery Service. Tripler Army Hospital 


is a formal meeting of the Tumor Board, 
alternating with the Tumor Follow-Up 
Clinic, run by the Chief of Surgery. These 
meetings draw a large and varied audience 
from several services. The Clinical Patho 
logical Conference is held twice monthly, 
using interesting cases of local and rather 
recent origin. Onee each week there is a 
surgical conference presented by a civilian 
consultant covering a subject or cases of his 
choice, several consultants participating on 
a scheduled rotation. A Surgical Case Con 
ference is held each week, current problems 
or interesting cases being presented with 
discussion by the Chief. On Saturday morn 
ing the Chief conducts grand rounds, seeing 
and discussing all cases on the service with 
the resident and intern staff. Pathological 
physiology and other basic science matters 
are stressed on rounds and at seminars. In 
addition, there is a formal Surgical Pathol 
ogy Conference one hour each week, pre 
pared by the surgical resident on pathology 
and monitored by a staff pathologist. The 
weekly X-Ray pre 


sented by a staff radiologist for residents 


Diagnostic Clinic is 


and interns. On one Saturday morning each 
month, the Surgical Critique is presented, at 
which admissions, discharges, interesting or 
unusual cases, all complications, and all 
On the 
other three Saturdays of each month, the 
Surgical Seminar is held. 
two 


deaths are thoroughly discussed. 


At this seminar, 


residents 


present 20-minute 


formal 
papers on a prescribed subject, and the 
Chief leads a 20-minute discussion period 
The Chief selects and announces these sub 
jects at least six months in advance, one 
speaker being a fourth- or third-year man 
and the other a first- or second-year man 
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It is their duty to delineate the scope of the 
presentations, make the approach different 
from last year’s review and include recent 
literature, condense and present the material, 
and prepare the paper, with bibliography, 
for mimeograph distribution, The junior 
speaker presents the pathophysiologic mech- 
anisms involved, and from this the senior 
speaker derives a rational treatment plan. 
He presents also, from the teaching file, a 
statistical analysis of our Own experience in 
the subject under discussion. Program re- 
sponsibility for the monthly Professional 
Staff Meeting is rotated among the various 
services, a visiting speaker being sometimes 
used, 

The resident’s teaching ability is devel- 
oped by the regularly scheduled lectures and 
seminars which he is assigned, plus case 
presentations on rounds, delivery of at least 
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two papers at the yearly Trauma Sympo- 
sium, and appearances on local civilian 
programs as opportunity arises. 

Research interest is stimulated by encour- 
aging each resident to select a case group 
for special review, analysis, follow-up, and 
report. This may lead to a clinical research 
project, which can be worked out, and usu- 
ally leads to one or two papers, prepared 
for publication by the resident. 

Operative responsibility is given the resi- 
dent as rapidly as he can assume it, and the 
assigned staff rarely operate upon a patient 
if the procedure is within the sphere of 
competence of a resident. The assigned staff 
act as consultants to the junior men, giving 
moral support or active assistance, but care- 
fully avoiding spoon-feeding or fostering 
overdependence, 


Tripler U. S. Army Hospital, Honolulu. 
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Surgery in Acute Trauma 


Foreword 


Fig. 1.—Assigned and resident staff, General Surgery Service, Tripler Army Hospital, 
Honolulu. Front row, left to right: Thomas P. Talley, third year; Herbert G. Tearse, fourth 
year; Edwin J. Pulaski Jr., Assistant Chief of Department and Chief of General Surgery 
Service; Warner F. Bowers, Chief of Department of Surgery; Warren H. Brune, fourth 
year; Elbert B. Fountain, third year; Paul A. Thomas, third year. Rear row: Robert | 
Boese, second year; Kermit Q. Vandenbos, second year; Frank H. Chamberlin, first year ; 
William S. Moskovitz, first year; John L. Jackson, first year; Frank EF. Ceccarelli, second 
year; Peter W. Hoagland, first year. Absent: Kenneth B. Bonilla, first year 

The surgeon in the armed forces must be Fig. 2—Tripler Army Hospital 
especially qualified in the surgery of trauma, 
and to this end a continuing teaching effort 
is aimed at keeping this subject freshly in 
mind. Yearly reiteration of general prin 
ciples is the function of this short course, 
and publication of the papers as a brochure 
makes available the current thought’ in 
ready reference form. This year, a number 
of subjects not previously covered are in 
cluded in the program for the sake of 
variety, as well as completeness. While this 

Submitted for publication May 23, 1957 

Read at the Tripler Army Hospital Symposium 
on Surgery in Acute Trauma, Honolulu, April 
1-5, 1957. 
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material refers primarily to basic under 
standing and definitive care of individual 
casualties, the general principles do not 
change appreciably in a mass casualty situ- 
ation, where the main difference is in volume 
rather than type of injury, 
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Con. WARNER Bowers (MC) 

S. Army 

Chief, Department of Surgery, and 
Course Director 


Tripler Army Hospital, Honolulu 


Hormonal and Metabolic Response to Injury 


CAPT. PETER W. HOAGLAND (MC), U. S. Army. 


Probably the most striking, and yet least 
understood, response to injury in the pre- 
viously healthy patient is the immediate, 
Massive secretion of adrenal cortical hor 
mones, primarily the 17-hydroxycorticoids, 
The complex nature of the action of these 
endocrine substances apparently involves 
their ability to mobilize cellular energy for 
work and act in the injured patient to 
achieve homeostasis at a new metabolic level. 
Under their influence, vasopressors are po 
tentiated; sodium and body water are re- 
tained; muscles can function anerobically; 
gluconeogenesis occurs, and capillary resist 
ance is increased, Further effects, such as 
their euphoric, antiendotoxic, and antipy 
retic action, also are thought to demonstrate 
the ability of these hormones to prepare the 
body better to withstand severe trauma. !n 
the 
adrenal activity is marked by the sudden 


normal person the onset of increased 
eosinopenia which commences with the in 
jury and which should reach near-zero levels 
within two to three hours, returning to nor 
mal or above normal values in three to five 
days. Antidiuretic substances produced by 
the posterior pituitary are felt to contribute 
to the decreased urmary output seen after 
surgery of even a relatively minor extent, in 
spite of more than adequate fluid replace 


That this lack of 


entirely secondary to sodium retention by 


ment, diuresis 1s not 
the adrenal corticoids is shown by a drop in 
serum osmolarity after the infusion of an 
electrolyte-free solution, without an increase 
in urine volume or a decrease in urine elee- 
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trolyte concentration. Following trauma, 
the normal patient is expected to lose weight 
in the early postinjury period, and failure to 
do so is usually indicative of water reten 
tion. This tendency passes off in 24 to 48 
hours and water metabolism returns to nor 
mal unless complicating factors are present. 
Another pituitary hormone, somatotrophin 
from the anterior lobe, has recently been 
shown to be necessary for normal wound 
healing, as demonstrated by marked inhibi 
tion of wound healing in the hypophysecto 
mized animal, a situation which is alleviated 
by the addition of small amounts of growth 
hormone, 

The relation of thyroid activity to trauma 
is still unsettled. The hypothyroid patient 
withstands surgical trauma poorly, and ad 
activity 
effects, although whether this antagonism 
is at the glandular or the end-organ level 


renocortical antagonizes — thyroid 


is not fully determined. There is, however, 


an increased rate of oxidation of tissue 
substrates following injury, and I'! studies 
by Goldenburg were reported as showing 
an increased uptake by the thyroid gland. 

One of the most profound effects of in 
jury is found in the altered metabolism of 
protein and nitrogen, resulting in a negative 
nitrogen balance, at a rate of 14 to 20 gm. 
a day. In severe injury this loss may 
amount to as much as 25% of the total body 
creatine over a seven-day period and is 
apparently initiated by, and is in proportion 
to, the The 


importance of these circulating nitrogen 


increased adrenal corticoids. 
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HORMONAL AND METABOLIC 


compounds to wound healing 1s uncertain, 
but they are mostly converted to urea and 
excreted as such in the urine. When the 
corticoid-withdrawal phase occurs, as evi- 
denced by a rise m circulating eosinophiles 
and decreasing urinary corticoid levels, the 
nitrogen excretion rate drops to 5 to 7 gm. 
a day, and if at this time protein intake 
rises, with resumption of eating, the patient 
will enter a positive nitrogen balance. While 
attempts to compensate for early nitrogen 
loss by vigorous intravenous therapy have 
not been shown to be of particular benefit 
in the usual patient, adequate protein syn 
thesis is essential for recovery in the an 
abolic phase. Depression of liver function 
is demonstrated early after injury by the 
elevated van den Bergh values and sulfo 
bromophthalein (Bromosulphalein) —reten- 
tion, which persist for several days; but the 
question remains whether this indicates 
hepatic damage or a deviation of function 
to other, more vital requirements, Certainly, 
the liver would appear to be adequate in its 
response to energy requirements and protein 
needs for wound repair. 

Klectrolyte metabolism following injury 
has been comprehensively studied, especially 
as it applies to postoperative surgical pa 
tients; yet the mechanisms involved are still 
not fully appreciated but are thought to be 
largely regulated through pituitary and ad 
rental hormonal mechanisms, and, in timing, 
their metabolic changes reflect this. In the 
immediate post-trauma period there is a 
negative potassium balance and, with no 
intake, the urimary excretion rate the 
normal adult patient ranges from 70 to 100 
mitq. per day, most of this presumably 
associated with intracellular nitrogen loss 
but with an excess beyond that which would 
be expected to be excreted with the nitrogen 
alone. After an interval of three to four 
days, this overexcretion of potassium 
ceases, and the body rapidly regains potas 


Hoagland 


RESPONSE 


TO INJURY 


sium as feeding is resumed. The metabolism 
of sodium chloride by the patient following 
injury is more variable, however. Usually, 
on the day of injury sodium excretion con 
tinues, but at a reduced rate of 10 to 50 
mEq. Then, over the next two to three 
days, a more marked restriction of sodium 
occurs, with excretory values in the neigh 
borhood of 1 to 10 mEq. per day. Admin 
istration of sodium chloride during this 
period, assuming no extrarenal loss, such as 
by Wangensteen suction, results ina strongly 
positive balance. In well-nourished patients, 
sodium conservation lasts three to four days 
and is usually terminated by a rather clear 
cut sodium diuresis, but in the depleted or 
oligemic patient this phase may be prolonged 
and a definite sodium diuresis may never 
be noted. In contradistinetion to the electro 
lyte metabolic balances, their serum levels 
are at first glance paradoxical, as the potas 
sium concentration tends to rise above nor 
mal findings and the serum sodium to drop 
to ranges of 130 to 135 mEq. per liter. The 
explanation of these changes is obscure, but 
the findings are of more than passing in 
terest, as it becomes apparent that serum 
electrolyte values cannot be considered an 
accurate guide for replacement therapy in 
the immediate postoperative period, Glucose 
metabolism following trauma is markedly 
affected by the degree of the adrenocortical 
response. An antagonistic action on insulin 
production, which may produce a transient 
diabetic glucose tolerance curve, the gluco 
neogemic effect of these steroids, and the 
mobilization of liver glycogen, all combine 
to produce a rise in blood sugar and a 
tendency toward glycosuria in the severely 
injured patient. This situation makes it 
appear doubtful whether, in the first one or 
two postoperative days, administration of 
dextrose accomplishes more than the. fur 
nishing of required amounts of water 
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Wound Contamination, Wound Infection, and the 


Antibiotics 


LIEUT. COL. EDWIN J. PULASKI (MC), U. S. Army 


In war and in peace, infection is the béte 
noire of the surgeon who handles wounds. 
The most vulnerable the wounds of 
violence, especially when the tissue damage 


are 


extends to muscle, bone, or one of the body 
cavities. All are contaminated, characteris- 
tically, with more than one species of patho- 
genic bacteria at the time of wounding or 
during exposure for treatment. The triad 
of infection which may result from these 
contaminations are tetanus, gas gangrene, 
infections. The orbit 
prophylactic measures 
evolve is operative handling of the wound, 


and the pyogenic 


around which all 
since no chemotherapeutic agent has yet 
been discovered which can, per se, sterilize 
a wound, Tetanus can almost always be 
prevented by immunotherapy, and gas gan- 
grene, by timely and careful excisional sur- 
gery. Pyogenic infection is a consequence 
of septic decomposition of residual dead 
tissue by secondary bacterial contaminants, 
often drug-resistant, and usually uninflu- 
enced by systemic or topical antimicrobial 
therapy. This relegates antimicrobial prophy- 
laxis to a secondary or supporting role, 
since two of the primary infections—tetanus 


and gas gangrene-—-can be prevented without 


chemotherapy, and secondary or superinfec 
tions occur in spite of them. 
preseription of antibiotics for all traumatic 


routine 


wounds and burns for the purpose of pre 
venting all infectious complications, there- 
fore, is not feasible. Accordingly, it is 
suggested that the principal indications for 
chemoprophylaxis in traumatic wounds are 
(1) prevention of invasive infection in com- 
plex wounds due to hemolytic streptococci, 
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staphylococci, or Clostridium welehit, which 
threaten on account of delayed or inadequate 
surgical intervention, and (2) prevention of 
spreading infection whenever the integrity 
of the nasopharyngeal, respiratory, gastro- 
intestinal, or genitourinary tract has been 
violated, Penicillin and the tetracyclines are 
the mainstays of antibiotic prophylaxis 
against invasive infection. Topical applica- 
tion is not efficient, and parenteral adminis- 
tration is choice. A scheme for their useful 
employment is presented. Untoward reac- 
tions will be a factor in some patients. 
The antimicrobial 
prophylactic use in traumatic wounds are 
applicable to the various classes of elective 
surgical procedures. 


lessons learned from 


Indiscriminate use of 
antibiotic cover for all operations has caused 
many people to develop sensitivity to peni- 
cillin and carriage of bacteria showing mul- 
tiple antibiotic resistance. From studies now 
available, there are emerging more specific 
indications for antibiotic prophylaxis. These 
are mainly selected cases of intraoral, intra- 
thoracic, and intra-abdominal surgical pro- 
cedures, These indications have been given 
in broad outline. Some of these will stand 
the test of time, but all should be interpreted 
with the shortcomings and dangers already 
When 


therapy is administered, treatment should 


described. prophylactic antibiotic 
be for the shortest possible time and so that 
maximal suppressive effect will obtain when 
it is needed. There is nothing to recom- 
mend long-term antibiotic prophylaxis, and 
such use should be abandoned. Finally, 
since there is no evidence that antibiotics 
will prevent wound suppuration, it is ree- 
ommended that their use prophylactically 
in clean elective cases be abandoned. 
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Wound Shock and Debridement 


CAPT. KERMIT Q. VANDENBOS (MC), U. 5. A. F. 


Wound shock is the response of the body 
to the incurrence of a wound and the blood 
lost. In addition, the wound is attended by 
pain and fear and, under battle conditions, 
by the rigors of exposure, transport, and 
The total effect 
of the wound is a sum of these many com- 


other exhausting stimuli. 


ponents acting in the direction of deteriora- 
tion of the patient. The 
wound shock or resuscitation includes, in 
addition to replacement therapy for the de 
ficient blood volume, specific surgical care 


management of 


to arrest the train of pathologic events that 
oceurs after wounding. Wound surgery is 
the definitive resuscitative act that halts the 
progressive deterioration of wound shock. 
Debridement of wounds is an integral part 
of wound surgery. It was uniformly dem- 
onstrated in World War IT that the severity 
of wound shock paralleled the degree of 
reduction in the circulating blood volume. 
The average person will have little, or no, 
clinical manifestation of shock after a loss of 
up to 10% to 15% of his circulating blood 
volume. There will be a slight degree of 
shock after a loss of over 20% of the blood 
volume. The degree of shock will be moderate 
if approximately 35% of the blood volume 
is lost and severe if 45% to 50% of the 
The level of the ar 
terial pressure is a useful guide to the se 


blood volume is lost. 


verity of the blood volume deficit. A systolic 
pressure of less than 100 mm. will often 
mean a loss of 30% or more of the blood 
With a 30% loss, the pulse rate 
may be slow, normal, or rapid, but the 


volume. 


volume is always reduced. It is the trend 


of the blood pressure and pulse that is of the 
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greatest significance in evaluating the prog 


ress of the patient. 

Renal blood flow is sharply reduced dur 
ing shock, and urine formation ceases when 
the arterial pressure falls below 60 to 80 
mm. Hg. A blood loss of 40% of the total 
volume may result in a renal blood tlow that 
This 


tion usually persists for some time, even 


approaches zero, renal vasoconstri¢c 
after transfusions have restored the cardiac 
output. When the urine flow has been re 
stored after a period of shock, clearance 
studies indicate persistent tubular damage. 
After severe shock and death, postmortem 
examination of the kidneys reveals lipoid 
degeneration of the thick limb of Henle and 
distal convoluted tubules, with some necrosis 
of the tubular cells. A hemoglobin-like pig 
ment within the lumen of the convoluted 
and collecting tubules is sometimes seen, 
This combination of lesions has been called 
“lower-nephron The chief 
pathogenic factors in injured men are con 


nephrosis.”’ 


sidered to be renal ischemia due to shock 
and hemoglobinemia or myoglobinemia. In 
skeletal injuries a single major fracture is 
likely to be associated with a reduced blood 
volume of 20%; two major fractures often 
result in a blood volume deficit of 200% to 
40%. 
the blood volume loss is usually more than 
40%. 
liter of blood lost into a closed fracture of 
the foot or ankle, 0.25 to 1.3 liters of blood 
lost in of the tibia 
fibula, and 0.4 to 2.7 liters of blood lost inte 
the wound of a closed fracture of the shaft 


With three or more major fractures 


There are an average of 0.15 to 0.5 


closed fractures and 


of the femur. It is estimated that in wound 
shock a 100 
usually means approximately 30% of the 
total lost 
wound. Regardless of the estimated blood 


blood pressure below mm. 


blood = yvolume from or into a 


707 


ia 
= 
an 
| 
4 


loss, whole-blood transfusion is the treat- 
ment for wound shock, and treatment is to 
be continued until the patient responds ade- 
quately, Failure to respond may be taken 
as evidence of inadequate replacement ther 
apy or continued blood loss. While whole- 
blood replacement is the keystone of the 
program of resuscitation, other, simpler 
measures also are useful and should not be 


forgotten. The Trendelenburg position for 


the patient, intravenous morphine for pain, 


oxygen therapy if available, stomach aspira 
tion, and first-aid care for the wound are all 
integral parts of resuscitation prior to initial 
wound Mention should be made 
that plasma and vasopressins are of help 


surgery. 


when blood is not immediately available, 
but that these agents are poor substitutes 
for whole blood, Intra-arterial transfusions 


have no advantage over the intravenous 


A. M. A. ARCHIVES OF SURGERY 
route, and adrenocortical steroid therapy is 
contraindicated. Once the wound shock has 
been controlled, the next integral part of 
resuscitation is the initial wound surgery, 
often referred to as wound debridement. 
Initial wound surgery has three main ob- 
(1) to save life, (2) to save limb, 
and (3) to prevent and eradicate infection. 


jectives : 


The wound is adequately cleansed and de 


vitalized tissue is removed, and there is 
establishment of adequate drainage of the 
wound by leaving the wound open under 
that 
wounded part. Fractures are grossly aligned 


and splinted. 


suitable dressings immobilize — the 
Devitalized and frayed skin 
edges are excised sharply, without sacrifice 
skin. 
bodies are removed, and the wound is thor- 
oughly irrigated. 


of normal, viable Retained foreign 


Tripler Army Hospital (Dr. Bowers). 


PES 

eae 


CAPT. JOHN L. JACKSON (MC), U. S. A. F. 


Normally the fluid output for the adult, 
including fecal loss, is about 2500 ce. or 
about 40 ec/kg. the 100 
mg/kg., and in the infant 150 cc/kg. In 


child it is 


the adult the body fluids make up approxi- 
mately 60% to 70% of the body weight. 
This is divided into plasma, which contains 
approximately 5% of the body weight; 
interstitial fluid, which contains approxi- 
mately 159% of the body weight, and intra- 
the 
body weight. Owing to the low proportion 


cellular fluid, which contains 420 of 


of water contained in fat, obese people con- 
tain a proportionately smaller percentage of 
body weight as fluid. In considering elec 
trolyte levels, it is important to note the 
difference in composition of the intracellular 


and extracellular compartments. The cation 


sodium predominates the extracellular 
Huid, whereas in the intracellular fluid po- 
tassium predominates. The predominant 


anions in the extracellular fluid are chloride 
and bicarbonate, whereas in the intracellular 
Huid phosphate and protein predominate. 
The main difference between the interstitial 
Huid and plasma is the high protein content 
of the latter. The reason for this lies in the 
impermeability of the capillary membrane 
to protein. Water is freely diffusible from 
compartment to compartment. This is also 
true of the electrolytes. However, a gradi 
ent is present for the individual ions and is 
maintained by the cell membrane by means 
of energy of cellular metabolism. The body 
fluids are similar in one respect: The con 
centration of water relative to osmotically 
active constituents is essentially the same. 
The pH of the body fluids is maintained 
within relatively narrow limits. the 
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Fluid and Electrolyte Requirements in Injury 


plasma the normal pH is 7.38 to 7.43. A 
plasma level below normal constitutes acide 
sis, and a pH above normal constitutes 
alkalosis. It is said that a pH beyond the 
limits of 6.8 to 7.7 is incompatible with life. 
A relatively small amount of sodium loss, 
by way of a small-bowel fistula, or of chlo 
ride, by means of vomiting, would quickly 
produce these fatal pH levels if it were not 
for the compensatory buffer systems. These 
systems are made up of weak acids and 
their ionized salts. A strong acid ts con 
verted into a relatively neutral salt, with 
the release of a weak acid with a low hydro 
gen ion concentration. Of the many buffer 
systems, including phosphates, oxyhemoglo 
bin, and hemoglobin, the bicarbonate buffer 
system is the most important protector of the 
pH. Its quantitative level is easily obtained 
by biopsy of the plasma. Its normal value ts 
given as 24.6 to 28.8 mbkiq/L. 
that amount 
basic cation and that 
acid. The pH of the blood is retleeted by 
the 
combined with the basic cation 


This reading 
the 


carbonic 


includes combined with 


present: as 
ratio of carbonic acid to bicarbonate 
This ratio 
is normally 20:1. Large changes in ratio 
result in only small shifts in pH; a ratio of 
10:1, for example, has a pH of 7.1, yet 
the HHCO,. The 


breakdown products of a metabolism are 


represents doubling 


acid in nature. The kidneys and the lung 
rid the body of these products. They are 
The 


lung excretes COy. If a patient hyperventi 


the regulators of acid-base balance 


lates, more is excreted; the concentration 
of carbonic acid in the blood goes down and 
the pH goes up, to produce alkalosis. If 
respiration is depressed, COs is retained, 
thus increasing the carbonic acid level in 
the blood, depressing the pH, and producing 
acidosis. Thus, one can see that by hyper 
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ventilation or depression of respiration 
harmful effects on the pH can be produced 
or, instead, a desirable effect obtained in 
the face of acidosis or alkalosis from other 
sources. The kidney, normally, excretes an 
acid urine to rid the body of nonvolatile 
acid metabolites. Hydrogen ions are formed 
in the kidney by the carbonic anhydrase 
mechanism, The conversion of monohydro- 
phosphate to dihydrogen 
provides the major pathway of elimination 


gen phosphate 


of these protons so formed. Ammonia 
formed in the kidney from oxidative deami- 
nation of amino acids or from hydrolysis 
of blood glutamine is converted by combina 
tion with a proton to the ammonium ion. 
This ts the other principal vehicle for proton 
excretion by the kidney. Thus, by these 
mechanisms, the kidney can, by increasing 
the amount of H+ exchanged for base in 
the distal tubules, conserve base and main- 
tain an alkaline blood pH. By a decrease 
in exchange of hydrogen ions, the fixed 
base is lost in the urine and the blood pH 


shifts toward acidity. 
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Therapy after injury consists of prevent 
ing or reversing this chain of 
Sodium and water which have been redistrib- 
uted to the injured should — be 
replaced. In addition, replacement of esti- 


events. 
tissues 


mated plasma and blood loss is required. 


The replacement of the colloid constituents 
varies greatly with the extent of injury and 
type of injury. For example, if the injury 


is that of a burn, injury involving only 
15% to 20% of the body surface in most 
instances requires only electrolyte solution, 
whereas the severer burns, in the range of 
50% of body surface burned, will require 
half of the fluid replacement in the form of 
blood. One should avoid giving fluid in 
the form of dextrose in water except for 
an amount equal to calculated minimal daily 
insensible loss. This is obvious, for sub- 
normal sodium plasma levels are present. 
The administration of water in the presence 
of this hypotonicity is fraught with the 
danger of water intoxication. 
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Principles of Wound Healing 


CAPT. ROBERT J. BOESE (MC), U. S. A. F. 


The first phase of healing is the lag 
period. This is the time when the wound is 
being cleared of necrotic tissue and con- 
taminants. The strength of a wound is 
maintained only by a fibrin clot between 
the edges and any supplemental strength the 
surgeon may give to it, such as with sutures. 
The first reaction is a dilatation of the 
capillaries and of the accompanying arteri- 
Accompanying this dilatation is an 
As a 
result of these reactions, plasma proteins, 
as well as other constituents of blood, may 
The fluid 
can coagulate and form fibrin, which has the 
effect of sealing the wound and _ stopping 
the bleeding. This fibrin network will also 
form the scaffolding for further events. 
Bleeding of the disrupted capillaries is 
partially stopped in this manner. The major 


oles. 


increase in capillary permeability. 


readily escape into the wound. 


bleeding is controlled by the clotting mech- 
anisms of the blood. When a vessel is cut, 
and capillaries to a smaller extent, the vessel 
will retract and contract, forming a smaller 
lumen. In this free end a clot will form and 
retract. This will control the bleeding unless 
the force of the blood in the vessel is too 
large. At the that the fibrin 


network is being laid down, there is diapede 


same time 
sis of polymorphonuclear leukocytes into 
the wound. Injured tissue accumulates acid 
the breakdown of 
tissue also liberates split-protein products, 


metabolites, and dead 
which are acid. It is probably this lowered 
pH which attracts the leukocytes. These 
cells begin the work of the phagocytosis of 
As the pH 


are 


dead tissue and contaminants. 


is further lowered, the neutrophils 
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killed; but at the same time macrophages 
are attracted to the area. If the phagocytosis 
is sufficient to cause a rise in the pH, then 
healing will progress; but if the tissue pH 
continues to decrease, then suppuration will 
oceur and wound healing will be delayed. 
The second phase of healing is the laying 
down of granulation tissue, the formation of 
collagen, and increasing the tensile strength 
of the wound. The beginning of this period 
depends upon many factors, primary of 
which is the length of the lag phase. In a 
clean wound granulation tissue is usually 
seen in 48 hours. The fibroblast is a deriva 
tive of the same cell as the macrophage, and, 
as the need for phagocytosis decreases, the 
body shifts its function toward the forma 
tion of fibroblasts. Along with the fibro 
blasts, there is a capillary budding to give 
a nutrient supply to the cells. The fibro 
blasts secrete and deposit in the granulation 
this 


stance which gives the wound its strength. 


tissue a protein, collagen. It is sub 
In a clean wound this will become mani 
fested about the fourth or fifth day, and this 
is when the lag phase is considered to end. 
If there is close approximation of the epi 
thelium, then regeneration will occur and 
bridge the small gap without a foundation 
upon which to grow. This will occur even 
If, 


however, there is no approximation, then 


before the fibrin network is deposited. 


the process is delayed until a foundation 
is provided. Granulation tissue provides this 
foundation. The growth begins at the pe 
riphery and grows toward the center. Epi 
thelium does not grow well except in a 
horizontal plane, and then will grow only 
a given distance. Contraction of the collagen 
occurs, decreasing the space which it is 
necessary to cover. The contraction of col 


lagen is the final stage of healing. It occurs 
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regardless of coverage and gives the tinal 
strength to the wound. There 
factors which affect the process of wound 


are many 
healing. The amount of tissue destroyed at 
the time of injury is directly proportional 
to the length of time necessary for phago 


cytosis and wound repair. The vascularity 


Nutri- 
ents must be carried to a wound and _ the 


of the tissue effected is important. 
waste products removed, This is done by 
the blood. In an avascular area the ex- 
change must be by lymph, and since lymph 
probably does not tlow, the exchange must 
be by diffusion. Infection is probably the 


greatest) detriment to wound healing. It 
greatly prolongs the lag phase. The pres 
ence of foreign bodies in the wound will 
delay the healing. This 


either encapsulated or extruded from. the 


material must be 


wound, Hematoma formation in the wound 
causes increase in the size of the wound. 
It may put excess tension on sutures and 
cause an ischemic necrosis, thus supplying 
more tissue to be phagocytized. The age of 
the tissue will play a part. Wounds heal 
better in younger persons than in older ones. 
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Overhydration and resultant edema cause 
a delay in the onset of fibroplasia. Dehydra- 
tion will deplete the intracellular fluid and 
alter electrolyte balance, posing a serious 
threat to the wound, as well as to the pa- 
tient as a whole. Hypoproteinemia results 
in edema formation because of loss of os 
motic pressure. Patients who are deficient 
in vitamin A have a tendency toward local 
wound infection. Vitamin B exerts an effect 
on the metabolism of nerve tissue and exerts 
an intluence in the healing of nerve tissue. 
Vitamin C is intimately associated with the 
synthesis and maintenance of intracellular 
supporting substance. This is particularly 
important in the capillary bed, where lack 
of the 
causes hemorrhage into the wound, causing 


intracellular cementing substance 
a prolongation of the lag period and a 
Vitamin 


is important in calcium metabolism and ts 


tendency to wound disruption, 


important in bone healing. Vitamin K plays 
an important role in the formation of pro 
thrombin, 
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Fat Embolism 


MAJOR THOMAS P. TALLEY (MC), U. S. A. F. 


The release of physiologically insignifi- 
cant numbers of fat emboli into the circula- 
tion, to be subsequently entrapped in the 
capillary bed of the lungs and other organs, 
can be quite regularly demonstrated patho- 
logically after various types of trauma and 
would appear to be almost a natural occur 
rence. It can be assumed that these emboli 
originate at the site of trauma, since studies 
thus far have not convincingly demonstrated 
any other source. Following skeletal injuries 
the emboli are usually present in greater 
numbers and can be clinically detected by 
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CAPT. HERBERT G. TEARSE (MC), U. S. Army 


During the month of July, 1942, admis- 
sions due to heat disability reached a rate 
of 15.5 per thousand per annum, a signifi- 
ven with our 


cant loss of 


appreciation of the importance of preventive 


manpower, 


measures, greater knowledge of mechanisms 
involved, and regulations, in effect, prohibit 
ing thermal injuries, there were close to 300 
admissions to hospitals for heat disability 
in the armed forces in 1952. Heat disability 
falls into three categories : heat cramps, heat 
exhaustion, and heat stroke. Sunstroke, a 
diagnosis used by some, should be consid 
ered as heat stroke, and not as a separate 
entity. The physical regulation of body 
temperature consists Of several mechanisms. 
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Sunstroke and Heat Exhaustion 


the appearance of fat globules in the urine; 
however, symptoms are usually absent or 
minimal, and the condition is rarely recog 
nized. In a small minority of cases, for 


reasons not yet recognized, the process 
reaches extreme proportions, and the em 
bolic blockade of the pulmonary and cerebral 
capillary beds results in an alteration of 
body physiology which proves fatal. Thus 
far, no means of effective treatment for the 
condition is known. A wider awareness of 
this condition among physicians and routine 
examination to identify its milder forms will 
probably bring to light additional factors of 
importance in developing a therapeutic de 


fense. 


The most important are radiation, convec 
tion, and conduction, accounting for 650% of 
heat loss; evaporation of water from the 
skin and lungs, accounting for 30% of heat 
loss, and two relatively unimportant mech 
anisms, heat loss from raising temperature 
of inspired air, and heat lost in the feees 
and urine. The relative importance of the 
mechanisms will vary with the air tempera 
ture, air movement, type of clothing worn, 
and body metabolism. If the air temperature 
is above 98 I, physical regulation by radi 
ation and conduction is nil. Although the 


temperature of the air does not influence 


the radiation effect, the temperature of the 
environmental objects to which the heat 
would radiate will be relatively increased 


and heat loss under these conditions is nil 


with 


The degree of saturation of the air 
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water, the humidity, affects radiation of 
heat inversely. The higher the humidity, the 
more opaque the air is to radiation. When 
the body is exposed to high temperatures, 
the blood volume is increased approximately 
5% in 30 minutes from extravascular fluids. 
The circulation rate also increases. These 
body reactions facilitate the loss of heat by 
radiation, convection, and conduction. How- 
ever, these physical regulation mechanisms 
become of diminishing importance as the air 
temperature is elevated. Loss of heat by 
evaporation of water, which accounts for 
35% at normal temperature, becomes in 
creasingly important and is the major fac- 
tor in the physical regulation of body 
temperature when the air temperature rises 
above 95 Ff. Evaporation of water occurs 
independent of sweating. The evaporation 
of fluid in the epidermis has been calculated 
to be 18 gm. per square meter of body 
surface per hour, accounting for loss of 
450 Cal. per day. without sweat 
glands will lose this amount. The respira- 
tory rate increases, and the heat lost through 


Persons 


vaporization of water therefore increases; 
however, the rate of evaporation varies in 
versely with relative humidity. Body tem 
perature can be maintained at normal with 
air temperature of 240 TF if the air is dry. 
If the air temperature rises to 120 F and 
the humidity is high, the body temperature 
will the 


principal means of heat loss. Loss of heat 


increase and convection becomes 
by evaporation of sweat is extremely im 
portant when the body is exposed to elevated 
temperatures. The evaporation of 1 ce. of 
sweat results in the loss of 0.6 Cal. of body 
heat. As the sweat contains sodium chlo 
ride, an increase in sweating results in the 
loss of salt to the body. Sweating will con 
tinue regardless of the state of hydration, 
and dehydration will result from prolonged 
sweating. A decrease in the blood volume 
will result if the body fluid is not replen 
ished. Work performed under heat stress 
and a lowered blood volume will ultimately 
Pail 


ure of sweating will result in absorption of 


result in cardiovascular insufficiency. 
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heat by the body, producing increased oxi- 
dation and, consequently, increased heat 
production. With the resultant increase of 
the body temperature, generalized cellular 
damage obtains. 

Studies of the pathologic changes in pa- 
tients dying of the effects of hyperpyrexia 
have shown the most conspicuous changes in 
the central nervous system. These changes 
have included progressive degeneration of 
neurons and replacement by glia cells, con- 
gestion, edema, and petechial hemorrhages, 
most commonly in the region of the third 
ventricle, the aqueduct, and the fourth ven 
tricle. The cellular changes were interpreted 
to be due to the excessive body heat, and 
the hemorrhage to be due to the associated 
shock. The 


abdominal 


and 
likewise consisted of 
hemorrhages and parenchymal lesions, the 
hemorrhages occurring in a wide variety of 
structures, regardless of the duration of the 
illness. The parenchymal lesions were pre 
dominant in which 
more than These parenchymal 
lesions, in order of their frequency, were 
degeneration and subsequent regeneration of 
megakaryocytes, necrosis of heart muscle, 
lobular pneumonia, lower-nephron nephro- 
sis, central lobular of the liver, 
and degenerative changes in the adrenal 
cortex. Heat muscle 
cramps due to loss of sodium chloride in 
the sweat. The treatment for this condition 
is rest in a cool atmosphere and restoration 
of body fluid and electrolyte balance by in- 
travenous fluids. Heat exhaustion is brought 


changes thoracic 


viscera 


cases in survival was 


24 hours. 


necrosis 


cramps consist of 


about by prolonged exposure to elevated 
temperature, the resulting sweating 
produces dehydration, a lowered blood vol 


and 
ume, and cardiovascular insufficiency. Ex 


haustion is characterized — by 
sweating, lowered blood pressure, and pallor. 
The temperature may be elevated, but hyper 


pyrexia is not present. Treatment consists 


profuse 


of rest in a cool environment and supportive 
measures for cardiovascular insufficiency. 
Care must be used in restoration of fluid 
Oral fluid 


balance. intake is preferred; 
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BLAST INJURIES 


intravenous fluids may be used but over- 
loading must be avoided. Heat stroke fol- 
lows exposure to high temperatures, not 
The 
tinguishing features are hyperpyrexia, hot 


necessarily for prolonged time. dis- 
dry skin, and central nervous system abnor- 
malities. There may be prodromal symp- 
toms of nausea, vomiting, vertigo, headache, 
musele cramps, feeling of hotness, and 
dyspnea; however, the onset of heat stroke 
Hy 
perprexia, with temperature above 106 F, 
A temperature below 


is usually dramatic in its suddenness. 


is usually present. 
106 I may occur, and the use of 106 F as 
a criterion for diagnosis is unwarranted. 
The mortality is related to the fever. Tem 


~ 


peratures above 106 F are associated with 
a mortality of 20%; temperatures below 
106 F 


are associated with a mortality of 


MAJOR WARREN H. BRUNE (MC), U. S. Army 


The most commonly seen symptoms are 
those of shock, dyspnea, cyanosis, chest and 
abdominal pain, cough, and hemoptysis. 
Shock is a universal finding, and in many 
cases it is profound, Dyspnea is present 
in all cases, but usually subsides after 24 
hours unless complications appear. Chest 
pain is frequent and associated with respira 
tory movements. In severer cases, a deep 
central pain is noted, and it is thought that 
this derives from mediastinal hemorrhages. 
Cough with production of — blood-stained 
sputum, appearing after 24 hours, is seen 
in all but the mildest cases, Free hemoptysis 
is rarer. All dead or dying patients have 
blood-stained froth in the nose and mouth. 
Abdominal pain with rigidity may be a pre 
In those operated on 


dominant symptom. 


after air-blast injury, punctate subserosal 
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Blast Injuries in Air and Water 


10%. 
patients who subsequently died. In general, 


A. shock-like picture was found in 


systolic pressure lower than 100 mm. is 
associated with mortality of 9%. The most 
efficacious method of reducing the fever is 
to immerse the patient in an ice bath. The 
skin of the extremities should be massaged 
to prevent vasoconstriction, which would 
impair heat loss. The patient may be re- 
moved from the ice bath when the tempera- 
ture is 101 F. Cooling by 


evaporation may then be continued; how 


lowered to 


ever, a subsequent rise in the temperature 
may require return to the ice bath. A nor 
mal stable temperature will not be obtained 
for three to four days in 50¢¢@ of the patients 
Some patients have required up to Il days 
to regain normalcy. 


towers) 
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hemorrhages are the usual findings. It is 
felt that the abdominal pain ts on the basis 
of irritation of the lower intercostal vessels 
and nerves. Ruptured eardrum membranes 
are frequently seen, and a subsequent otor 
rhea is not rare. The relative lack of physi 
cal signs is a prominent feature. Breath 
sounds are weak, and coarse rales are fre 
may be seen. 


quent. Abdominal rigidity 


Neurological signs may be seen. Rupture 
of the eardrum membranes is a valuable sign 
in the establishment of the diagnosis. X-ray 
the 


part of the diagnosis and follow-up evalua 


examination of chest is an important 


tion. Heavy mottling over large areas of 


This 


may vary, depending on the severity of the 


the lung field is the classical picture 


injury. Treatment should be based on the 
assumption that the main abnormalities are 
increased pressure within the pulmonary 
circuit and extensive damage to the lung 
parenchyma. Rest and oxygen are essential 
Venesection is frequently life-saving. The 
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intravenous fluids should be 
fully restricted, as it will add to the load of 
the overburdened right heart. General anes 


use of care 


thesia and operation should be postponed 
as long as possible. Intercostal nerve block 
is a valuable method of controlling chest 
pain. Tracheal aspiration, bronchoscopy, 
and tracheostomy have a valuable place 
when traumatic “wet lung” is present. Im 
mersion blast injuries are of an essentially 
similar nature. The positive pressure phase 


will be of equal pressure and will move at 


A. M. A. ARCHIVES OF SURGERY 


approximately the same rate of speed. The 
slower and ts 
described as a linear fall-off. Thus, while in 


air-blast injuries a blast may produce in 


fall-off, however, is much 


juries only up to 30 ft. (0.9 meter) away, 
a similar blast in water may produce injuries 
as far away as 200 ft. (6 meters). As the 
high-pressure wave encompasses a_ larger 
area, abdominal injuries will be commoner, 
as higher-pressure waves are necessary to 
produce these injuries. 

Tripler Sowers) 
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Mechanisms and Management of Cold Injury 


CAPT. ELBERT B. FOUNTAIN (MC), U. S. Army 


The pathologic changes resulting from 
freezing and nonfreezing cold injuries are 
identical, although generally more tissue is 
involved in the nonfreezing injuries, such 
In addi 
tion, maceration of the skin of the affected 


as trench foot or immersion foot. 


part is commonly observed in the nonfreez 
ing entities. These are to be considered as 
caused by the effects of moisture, and not 
as the result of cold. The various tissues 
of the body do not show the same degree of 
susceptibility to cold injury. Nerves and 
striated muscle are highly susceptible; skin, 
fascia, and connective tissue are quite re 
sistant, but not as resistant as compact bone 
or tendon, Blood vessels are highly suscep 
tible to injury, resulting in leakage of plas 
ma into the surrounding tissue. Necrosis 


as a rule does not occur in blood vessels 


as a result of cold. This relative tissue sus 
ceptibility has resulted in the observation 
of muscle gangrene without necrosis of the 
overlying skin following exposure to cold, 
thus producing a closed injury. All of the 
findings can be explained on the basis of 
direct damage to tissue due to cold, just as 
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heat directly damages tissue. Relatively mild 
cold exposures to nerve tissue result in imme 
diate functional disturbances, as manifested 
by sensory loss, muscle weakness, or paraly 
sis. Muscle tissue reacts to cold exposure 
by simple atrophy of the muscle fibers, 
muscle atrophy with degeneration, or the 
severest manifestation of coagulation necro 
sis. Acute inflammatory exudate appears 
in the area of muscle necrosis four to six 
hours after exposure. This is followed by 
fibroblastic activity and muscle scarring, 
with resultant muscle dysfunction. 

The seriousness of the signs and symp 
toms of cold injury depends on both the 
severity of the cold exposure and the volume 
of tissue exposed. The afflicted person be 
comes aware of coldness of the exposure 
parts and may have a stinging pain. These 
symptoms are followed by a feeling of local 
numbness and, finally, a loss of all sensa 
tions. In immersion-type injuries, the in 
volved extremities feel “dead” or “wooden,” 
and swelling occurs, due to injury to capil- 
laries. In freezing injuries, swelling is de 
After 
warming, the parts become red or bluish 
feel 


pulse, and are painful. 


layed until thawing has occurred. 


and warm, with abounding arterial 


Swelling becomes 
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greater. Epidermal blebs or blisters may 
occur. The blebs contain a 
fluid, which tends to coagulate, owing to 
the high protein content. Hemorrhage may 


straw-colored 


occur in the bullae. Cold injuries which are 
not severe enough to cause blister forma 
tion usually result in superficial desquama 
tion of the epidermis. This will develop 
within a couple of days. One or two days 
after injury, the parts destined to become 
necrotic are dark brown, and finally black. 
The areas of gangrene are finally mummi 
fied. The final line of demarcation between 
living and dead tissue occurs 7 to 10 days 
later. The necessity of changing stockings 
and keeping the feet dry is of paramount 
importance. Units in Korea often assigned 
a senior noncommissioned officer to make 
certain that this regulation was complied 
Men 


constrictive clothing about the body, and 


with. were also instructed to avoid 
especially to avoid constrictive bands about 
the extremities. During periods of inac 


tivity, they were instructed to actively ex 


Fountain 


ercise the toes and fingers. Drying foot 
powders were applied when possible. Mas 
saging or rubbing of the injured parts ts 
to be avoided. The local application of 
snow, ice, or other means of cooling has no 
After the part has 


been returned to normal temperatures, the 


part in the treatment. 


treatment is that which would be given after 


any physical injury. Complete bed rest ts 


indicated until the degree of local damage 
can be ascertained. Except for rapid warm- 
ing of the injured part, specific measures 
aimed at decreasing the amount of gangrene 
and reducing morbidity are thought by many 
investigators to be of limited or doubtful 
value. Thus, vasodilating drugs, pressure 
dressings, anticoagulants, and sympathetic 
blocks are not used except in cases showing 
specific indications. Some of the work on 
patients evacuated to Japan from the severe 
winter of 1950-1951 in Korea would indicate 
that a trial of sympathetic nerve blocks is 
desirable in selected cases. 
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Early Care of Burns 


CAPT, JOHN L. JACKSON (MC), U. S. A. F. 


If the patient is seen immediately after 
the burn in a first-aid situation, the burn 
should be wrapped in clean towels or sheets 
except for the face, which is left exposed, 
and no attempt should be made to remove 
clothing. A chemical burn should be bathed 
with copious amounts of water. Time should 
not be lost by attempting to find or mix 
burn, 
morphine or meperidine (Demerol) should 


neutralizing agents. In the severe 
be given intravenously, owing to the possi 
bility of cumulative effect im patients in 
shock. The area of the body surface burned 
almost universally has been estimated by 
rule of 
The 
are represented as 9% of the total body 
surface, each arm 9%, each leg 18% (29), 
the anterior trunk 18%, the posterior trunk 
1%. The burn 


which ts pink or mottled red, painful or 


the use of Berkow’s nines or a 


modification thereof, head and neck 


18%, and the perineum 


hyperesthetic, and has blisters and a weep- 
ing surface is characteristic of the second 
degree burn. This degree burn is usually 
caused by hot liquids or a short flash. The 
burn which is pearly white or charred and 
dry, does not change color on pressure, has 
a leather-like feel, and is anesthetic is char 
acteristic of a third-degree burn. This burn 
The 


degree burn is characterized by erythema, 


is usually caused by a flame. first 
edema, sensitivity, late formation of small 
blisters, and late peeling. The uncomplicated 
first-degree burn heals in 2 to 3 days; the 
second-degree burn heals in 14 to 21 days, 
and the third-degree burn, if of any appre 
ciable size, necessitates skin grafting. The 
patient with less than 10% to 15% of body 
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surface burned will not need intravenous 
Huid therapy but is best treated by giving 
the calculated amount of fluid by the oral 
Patients 15% 


should have intravenous administra- 


route, with burns of and 
more 
tion of fluid. A patient with a burn covering 
20% or more of the body surface will need 
whole blood. Many of the patients who are 
given intravenous fluid for burns of 10% 
to 25% can have a portion of their calcu 
lated fluid by the oral route. 

The group of patients who have a burned 
surface area of 25% or greater constitute 
a major situation. An intravenous cut-down 
for fluid 


insertion of a Foley catheter in the bladder 


cannula administration and the 
for accurate hour by-hour measurement of 
the urinary output are indicated. It 


be said of the mortality rate that those 


may 


patients with burns over 60% are not likely 
to survive, and of those with burns under 
15%, that it is rare for one not to survive. 
In order to limit infection and prevent 
damage to proliferating epithelium, it has 
been found that a state of dryness of the 
surface of the wound is essential and should 
be sought by the physician. A dry surface 
is effected by a coating of fibrin which is 
exuded by the burn. This layer of fibrin, 
once obtained, also renders the wound essen 
tially free of pain. Immobilization of the 
involved area and limitation of edema by 
elevation promote deposition and mainte 


nance of the fibrinous coat. 

Fluid required for the first 24 hours equals 
1 ml. per kilogram of body weight times 
the per cent of body surface burned. This 


fluid is given as 5% dextrose in isotonic 
saline or as lactate Ringer's solution. 

The same amount of whole blood is given 
the first 24 hours, using the same formula 


just mentioned. Half of the blood and fluid 


a: 
= 


TRACHEOTOMY IN SURGICAL PATIENT 


to be received in the first 24 hours is given 
the first & hours, one-fourth the next 8 
On 
the second day the patient is given half as 


hours, and one-fourth the last & hours. 


much fluid and whole blood as is received 
in the first 24 hours. to the 
fluid and whole blood calculated by the 
aforementioned formula, the estimated in 


In addition 


sensible fluid loss and basic urinary output 
are replaced each day as 5% dextrose and 
water. lor a patient of 70 kg. this is from 
1500 to 2000 ce. 
fluid to be given to any burned patient is 


The greatest amount of 


that calculated for a patient with a 50 
burn. In general, at the end of 48 hours, 
further fluid therapy usually consists of 
maintenance, for the edema of the wound 
is now being resorbed and diuresis occurs. 


administration can be regulated by 


CAPT. KENNETH B. BONILLA (MC), U. S. Army 


The indications for performing a trache 
otomy can be grouped under three large 
categories, the first being a fixed obstruction 
to the upper tract, an example of which 
would be pharyngeal edema or a foreign 
body in the larynx. The second category 
that of fluid obstruction to the 
lower respiratory system, an example of 


would be 


which would be hypersecretion in the bron- 
chial network. A third category could be 


termed prophylactic tracheotomy, which 
would include those performed to prevent 
either of the two previously mentioned 
conditions. Prophylactic or elective trache 
otomy is being recognized as a more valu 
able adjunct to the over-all treatment of 
the injured patient than has previously been 
instance, at Brooke Army 


realized. For 


Hospital there were four tracheotomies per 
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Value of Tracheotomy in the Surgical Patient 


urinary output. By means of an indwelling 
Foley catheter, hourly urines are obtained. 
It has been found that it is best to maintain 
urinary output between 30 and 60 ce, per 
hour in adults and proportionately less in 
children. Thus, — the estimated 
amount of fluid may be modified by this 
factor. The ratio of electrolyte containing 
fluid and whole blood is not detinitely set 


original 


at 1:1, but varies according to several fac- 
tors. The most important factor in estima- 
tion of proportions needed is determined by 
the extent of the 
burns, less blood and more electrolyte-con- 
If whole blood is 


burn. lor less severe 


taining fluid are given. 
not immediately available, a plasma substi- 
tute, dextran, is recommended instead of 
plasma. 


Tripler Army Hospital (Dr. Bowers) 


formed during the year 1947; yet during 
the year 1954, when the census was quite 
comparable, the total number of | trache 
otomies performed was 79, a 20-fold in 
crease, Nelson and Bowers report in their 
review of 310 tracheotomies at Brooke 
Army Hospital that 163, or approximately 
50%, of such operations were performed 
in association with head and neck injuries 
or disease 118 were per 


formed for central nervous system or other 


states, whereas 
neurologic injuries or diseases, including 
poliomyelitis, and 29 were performed in 
association with injuries to the thorax or 
underlying pulmonary tissues. Severely 
burned patients will have oftentimes inhaled 
sufficient amount of heat so that there 1s 
a resulting edema of the larynx and upper 
respiratory tract. In these patients prophy- 
lactic tracheotomy may be indicated by asso- 
ciated signs of burns about the face and 
nares, as well as pharynx and upper larynx. 
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With 


maxilla, or around the thyroid cartilage and 


fractures about the mandible and 
hyoid bone, a tracheotomy may prove valu 
able in assuring an adequate airway. In 
conjunction with 


anesthesia, tracheotomy 


offers many advantages. Nelson, Pedigo, 
and Bowers report 65 cases at Brooke Army 
Hospital in which tracheotomy was used in 
association with artificial respiration. In 
fermittent positive-pressure respiration can 
be used via an endotracheal tube placed 
through the tracheotomy, with a Pheophore 
machine attached, A general anesthesia can 
easily be given through such an endotracheal 
tube, and in so doing can free the entire 
suprathyroid area for the surgical field and 
repair. After grafting about the face and 
neck it may be advisable to perform an 
elective tracheotomy for further general 
anesthesia to prevent the abrasion associated 
with the application of a mask to the facial 
area, Another distinct advantage in giving 
general anesthesia via a tracheotomy is that 
the danger of aspiration is greatly dimin 


ished. The general effects of tracheotomy 
can be grouped into two categories. There 


is, first, reduction in dead-air space and, 
second, a decrease in the resistance of air 
exchange the tracheal-bronchial tree. 
These are both advantages; however, there 
are a few disadvantageous results of a 
tracheotomy, one being an increase the 
secretion of the tracheal-bronchial tree for 
the first three to five hours following the 
operation, The dead-air space, or that por 
tion of the tracheal-bronchial tree that is not 
in direet contact with the terminal alveoli or 
aerating surfaces, normally consists of ap 
proximately 150-170 ce. It 
firmed 


has been con 
well in 
clinical trials, that a tracheotomy will reduce 


experimentally, 


this by two-thirds, with a resulting dead-air 
space of 50 cc. and a more efficient ventila 
tion of the membranous portion of the lung. 
Normally the tidal volume, or the volume of 
air exchanged through the upper respiratory 
tract with each breath, ts 500 ce., so that the 
effective volume or that reaching the aerat 
ing surfaces approximates only 350 ce. With 
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shallow rapid breathing the tidal volume 
may diminish by as much as 50%, whereas 
the dead space remains the same, so that 
in severe injuries the effective tidal volume, 
or that amount of air exchanged over the 
aerating surface of the lung, may be as 
little as 100 cc. It can readily be seen that 
with tracheotomy the dead-air space can 
thus be reduced to a point where the effec 
tidal 
creased, The largest tube that will fit snugly 


tive volume is proportionately in 
in the trachea should be used, for the larger 
the airway the greater is its effect. It must 
be remembered, however, that with too large 
a tube resulting necrosis and ulceration of 
the tracheal wall may ensue. 

At Brooke Army Hospital during the 
period 1947-1955 there were 310 trache 
otomies performed in which there were 10 
deaths attributed to errors in surgical judg- 
and 16 
procedure. One of the more frequent com 


ment deaths attributed to the 
plications was that of bleeding either during 
The 


bleeding was usually mild and easily con 


or immediately following procedure. 


trolled by packing the wound or by the 
application of absorbable gelatin sponge 
U.S. P. (Gelfoam) material directly to the 
10° such 
of bleeding, and no deaths occurred. An 


bleeding area. There were cases 


other complication was that of pneumo 
thorax, in which there were seven cases, 
with one death. This complication is usually 
easily treated by the use of continuous 
water-seal type drainage and reexpansion of 
Mediastinal 
emphysema is an occasional complication 


the lung. and subcutaneous 
following this procedure, but is usually quite 
benign and spontaneously regresses. There 
were 10 cases of blockage of a cannula at 
trooke Hospital, with one death. This is 
considered a preventable complication and 
should always be kept in mind in the after 
care of the patient. In approximately 50% 
of the procedures no anesthesia was used, 
nature of 


demonstrating the emergency 


many of the operations; yet there were 
but two cases of wound infection reported. 


Another rare complication, but one that ts 
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occasionally reported, is that of the acct 
dental opening of the posterior wall of the 
trachea during the incision of the anterior 
wall; however, this is rarely a serious com 
plication. In the Brooke Hospital series 
there was but one case of a persistent fistula 
after removal of the cannula, again demon- 


strating the expedience with which this 


CAPT. KERMIT Q@. VANDENBOS (MC), U. S. A. F. 


The stab wound of the neck may involve 
any one or many of the vital organs in the 
neck. Fortunately, in stab wounds some 
of the vital organs often escape injury as 
they are pushed aside by the stabbing in 
missile wounds of the 


strument. Bullet or 


neck are most serious. The wound of en 
trance and exit may be small, but the dam 
age done within the neck is often greater 
than suspected from the external examina 
tion. The blasting effect of a small missile 
may be so great as to involve most of the 
vital the neck. Crush 
juries of the neck have been reported, with 


organs within in- 
rupture of the trachea, esophagus, or vessels 
without breaking the integrity of the skin. 
If respiratory embarrassment is noted on 
initial examination, tracheostomy is indi- 
dated. The external appearance of the neck 
wound is usually grossly misleading, and 
only with adequate initial exploration of the 
wound can its severity and extent be deter 
mined, The over-all mortality from neck 
wounds during World War If and from 
civilian case reports is approximately 7% 
to 11% 
surgical treatment within six to eight hours 


if the neck wounds receive adequate 


of injury. With treatment after six to eight 
hours, the mortality rate rises to approxi- 
mately 25%. If 


expectant, nonoperative 
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Management of Injuries of the Neck 


wound normally heals. The late complica 
tion of stenosis of the trachea is quite rarely 
encountered. This usually follows suturing 
about the tracheotomy tube, which leads to 
perichondritis and scarring. Poor cleansing 
and changing of the tracheotomy tube also 
contribute to this condition, 


Bowers) 
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the rate 


lf injury of the pharynx 


therapy is used, mortality ap 
proaches 
or esophagus is suspected in a case of neck 
wound, surgical exploration and definitive 
surgery, plus provision for adequate drain 
age of the wound, are indicated. A. late 
complication of vessel surgery is the devel 
opment of aneurysm. The complication of 
an air-passage injury may be mediastinal 
but the 


complication of an injured fool passage ts 


emphysema, severest, immediate 


infection. Infection of a neck wound from 
without is serious. An infection from within 
via a perforated esophagus is doubly serious, 
and adequate drainage of the wound after 
surgery is a real necessity, Suppurative 
mediastinitis can be a severe complication 
to a minor wound of the esophagus that 1s 
unrecognized at initial surgery. Simple 
lacerations and small defects of the pharynx 
and esophagus can be primarily sutured. 
Larger defects can rarely be bridged by 
end-to-end anastomosis, as the esophagus is 
Split-thickness skin 


preserved 


relatively immobile. 


grafts, fascia lata grafts, and 
aorta bridges have been used successfully to 
bridge large defects. Thoracic duct injuries 
with chylothorax may follow a neck wound 
The thoracic duct should be ligated, for 
repairs are subject to breakdown and should 
not be attempted. Chylous fistulae may oc- 
cur, but they usually close spontaneously 
without additional surgical intervention. 
howers ) 
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Injury of the Heart and Great Vessels 


CAPT. HERBERT G. TEARSE (MC), U. S. Army 


There are two general types of injuries 
of the heart, namely, contusions and wounds. 
Contusion of the heart results from blunt 
trauma, and this is probably the most fre 
quent type of injury, as well as the most 
frequently overlooked. The pathology may 
vary from petechiae to areas of massive 
hemorrhage. Myocardial ischemia may re 
sult from direct injuries to coronary arteries 
or compression and obliteration of the lumen 
Myo- 


cardial irritability is increased. The injury 


by edema from myocardial injury. 


or complications therefrom are similar to 
a myocardial infarction, and myocardial in 
sufficiency may ensue, Treatment should be 
that of myocardial infarction; however, the 
diagnosis has to be suspected before treat 
Blunt trauma to 
the chest, typically the steering-wheel in 


ment can be considered. 


juries, or chest wounds from high-velocity 
missiles, should lead one to suspect heart 
contusion, especially if findings are out of 
proportion to the apparent injury, and if 
the patient shows a rapid pulse with a small 
pulse pressure, systolic pressure, or 
cardiac arrhythmia. The cardiac arrhyth 
mia and eleetrocardiographic abnormalities 
may not present immediately after the in 
jury; however, most chest injuries should 
have an eclectrocardiogram initially, so that 
subsequent clectrocardiograms showing ab 
normality will lead to the diagnosis. Only 
emergency surgical procedures should be 
considered after myocardial contusion, Sur 
gical procedures for other injuries had best 
be postponed as long as possible, and, if at 
all practical, a delay of 48 hours should be 
allowed to permit the myocardial irritability 


to subside. Patients sustaining wounds of 
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the heart probably survive to reach a hos 
pital, owing to the beneficial effects of car 
diac tamponade. The bleeding that occurs 
from the wound of the myocardium escapes 
into the relatively inelastic sac formed by 
the pericardium. The increasing pressure 
within the pericardium, then, is sufficient 
to minimize the hemorrhage. This increas 
ing pressure is exerted on the heart, and 
the filling of the heart chamber is decreased. 
Pressure on the vena cava and pulmonary 
veins also impairs the flow of blood to the 
heart. A reduction in the stroke and minute 
volume output is followed by lowered blood 
pressure in the peripheral vascular system, 
and the venous pressure is increased. The 
resultant diminished blood flow to the myo 
cardium adds to the previously sustained 
injury. Speed in making the diagnosis is of 
primary importance in the management 
of cardiac wounds. Wounds in the vicinity 
of the heart must be suspected, and plotting 
the course of missiles may lead to suspicion 
of cardiac injury and an early diagnosis. 
Some of the clinical findings resulting from 
these wounds include cardiac arrhythmia, 
rub, 


tachyeardia, pain, cyanosis, friction 


dyspnea, evidence of myocardial insuffi 
ciency, and evidence of cardiac tamponade. 
In tamponade, there are venous distention, 
increased venous pressure, a decreased pulse 
pressure, cyanosis, and diminished intensity 
of heart sounds. Iluoroscopic examination 
of the heart shadow shows the lack of pulsa 
tions of the heart and is, therefore, diag 
nostic. Roentgenograms of the chest may 
show foreign bodies in juxtaposition to the 
heart. The electrocardiogram is frequently 
within normal limits shortly after injury 
and cannot be expected to be helpful in the 
diagnosis but is valuable in the follow-up 


of the cardiac abnormality. I-xperimental 


; 


INJURY OF HEART AND GREAT VESSELS 


and clinical studies indicate that intravenous 
fluids are beneficial by increasing venous 
pressure, overcoming the effects of the car 
diac tamponade, and thereby increasing the 
cardiac output. If satisfactory improvement 
is not obtained, a pericardicentesis is then 
Between 40% and 50% of pa- 
tients reaching an emergency room will die 


performed. 


before adequate treatment can be given. Of 
those surviving for longer periods, to allow 
initiation of treatment, the mortality varied 
from 17% to 40%, 
porting a mortality of 25%. 


with most authors re 
The cause of 
deaths in treated patients is usually due to 
exsanguination, other injuries, or tampon 
ade. Mortality at time of surgery may 
be due to the same conditions, plus the addi 
tional hazards of alteration of the pulmo 
nary physiology during a thoracotomy or 
complications from the anesthetic procedure. 
The immediate postoperative mortality ts 
usually due to the irreversible shock or com 
plications from prolonged shock, namely, 
renal or liver failure. 

There is comparatively little experience 
in the treatment of injuries to the great 
sustaining such 
that 
to reach a medical facility usually do so by 


vessels, as few patients 


wounds will survive. Those survive 
developing a false aneurysm, which curtails 
the hemorrhage. Such false aneurysms from 
injuries to the great vessels in the medias 
tinum usually rupture, with massive lethal 
Wounds of the of 


course, must be suspected of producing in 


hemorrhage. chest, 
juries to the great vessels; however, wounds 
may occur through other mechanisms than 
missiles. In automobile accidents, the per 
son may sustain more marked acceleration 
than deceleration forces and sustain a rent 
of the great vessels-where they emerge from 
a relatively fixed position in the mediasti 
num. Vertebral and rib fractures have also 
produced wounds of the great vessels in the 
thorax. The possibility of great-vessel in 


7 earse 


‘juries must, therefore, be entertained in any 
chest injury. Evidence of continued hemor 
rhage, development of a mediastinal hema 
toma, with extension of the latter into the 
neck, and impairment of circulation to the 
vessels of the upper extremity may be 
early indications. The false aneurysms that 
develop may be suspected from opacities on 
the roentgen-ray examination, from bruits 
or murmurs, or from compression of other 
vessels, with impairment of blood circula 
tion. The bruits must be differentiated from 
functional murmurs; the latter are usually 
inconstant. Venograms may be helpful in 
the 


impairment, occlusion, or displacement of 


deriving diagnosis by demonstrating 
the veins. The danger from secondary hem 
orrhage is present, and therefore early diag 
nosis is essential. However, the hazards of 
the surgical procedure are sufficiently great 
to warrant reasonable certainty of the diag 
nosis prior to surgical exploration. 

The principles of surgical repair of ves 
sel injuries pertain to the repair of injuries 
to the great vessels. Care must be taken 
to afford adequate exposure. These vessels 
must be approached carefully to avoid en 
trance into a false aneurysmal sac. Control 
of the vessel proximal and distal to the site 
of injury is obtained prior to demonstrating 
the injury. Further injury to the vessel 
must be avoided, and the tissues handled 
with gentleness and with proper instruments. 
Kepair of clean, lacerated wounds with in 
terrupted sutures of oiled 0000 black silk 
on an Atraumatic needle is preferable. How 
ever, debridement of damaged tissues must 
be carried out and, if necessary, end-to-end 
anastomosis accomplished. Grafts of arter 
ies or synthetic material can be utilized to 
bridge defects. Restoration of blood volume 
during the surgical procedure and postopera 
tively is essential. 
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Management of Trauma to the Lungs and Bronchi 


MAJOR WARREN H, BRUNE (MC), U. S. Army 


Problems of peculiar importance — to 


thoracic injuries are open-chest wounds 


and tension pneumothorax. Open wounds 
of the chest 


wounds in order to keep a functioning re 


must be converted to closed 


spiratory system. In the earliest phase of 
care, this may be accomplished by an ade 
quate bandage. The picture of a patient 
with steadily increasing dyspnea, gasping 
increasing cyanosis, in 
shock, with neck 
face, and a deviation of the trachea, with 


respirations, and 


distended veins, flushed 
or without visible chest wound, may be diag 
nosed as indicating tension pneumothorax. 
The immediate requirement in such a situa 
tion is decompression, and this may be 
accomplished with any available needle. bor 
transportation purposes, a needle may be left 
in place with a finger cot over the hub and 
a hole in one side to act as a flap valve. 
Injury to the lung parenchyma and bronchi 
poses two main problems, addition to 
pneumothorax. These are hemorrhage, 
either into the lung itself or into the pleural 
space, and rupture of a main bronchus, 
Conservatism is the keynote of therapy 
in caring for wounds of lung parenchyma. 
Many patients with either penetrating or 
perforating wounds of the chest wall require 
only debridement and closure of the missile 
wounds and observation. These patients will 
have symptoms of pain and hemoptysis, but 
these clear rapidly. By x-ray, areas of 
density may be seen in the lung fields, but 
no evidence of hematoma, pneumothorax, 
With 


ment of the wounds and good toilet of the 
the 


or hemothorax is present. debride 


bronchial tree, symptoms and x-ray 
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findings generally clear in three to six days. 
Of 159 consecutive patients in the Korean 
War, 12 were in this category. Torty-tive 


additional patients who presented — with 


hemothorax or hemopneumothorax were 


submitted to debridement of wounds and 
needle aspiration only. As much as 1000 ce. 
of tluid was aspirated at one sitting without 
difficulty. In 43 of these patients the find 
ings cleared completely within two to eight 
days. Two patients had either clotted or 
organized blood and needed elective open 
surgical care, at a later date. The use of 
intercostal tube drainage is rightly recom 
mended when the patient is under optimal 
care in fixed installations. However, most 
writers from both World War II and the 
Korean War agree that needle aspiration is 
quicker, equally as effective, and much safer 
when a patient moves from the care of one 
physician and one installation to another, 
as in the chain of military evacuation, Valle 


has also pointed out that 92% of decortica 
tions were carried out (in a total series of 
2511 chest injuries) in patients who had 
had intercostal catheters inserted in Korea. 
When one is using needle aspiration, the 
instillation of aqueous penicillin and 
streptomycin into the chest cavity at the 
conclusion of the procedure is strongly 
recommended. 

The indications for open thoracotomy, 
carly in the course of treatment for injury 
to the parenchyma of the lung, are (1) 
active intrapleural bleeding from injured 
lung tissue, with or without internal mam 


(2) 


wounds of large bronchi or the intrathoracic 


mary or intercostal bleeding, and 


trachea. Lung lacerations should be care- 
fully debrided and bleeding points controlled 
Bronchial lacerations 
should be carefully repaired with either silk 


by suture ligatures. 


. 
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TRAUMA TO LUNGS AND BRONCHI 


or wire sutures. Perforating wounds are 
handled similarly, except that absorbable 
gelatin sponge U. S. P. in the missile tract 
may be helpful. The chest should be closed, 
and two thoracotomy tubes should be in 
serted into the pleural space for water-seal 
drainage. Foreign bodies, if present, should 
be removed at this time. It should be em- 
phasized that lobectomy or pneumonectomy 
is very seldom necessary, and that only 
obviously devitalized lung tissue should be 
removed. The presence of foreign bodies 
alone should not be an indication for early 
thoracotomy. It was shown at Tokyo Army 
Hospital that patients with foreign bodies 
who had them removed early had slower 
recoveries and poorer results than when the 
foreign bodies were removed two to three 
The 


limited to 


weeks | later. removal of foreign 


bodies is those greater in 
size than 1.5 em, and to smaller ones which 
are deemed to be in locations that might 
be dangerous to the patient. In the series 
reported by Valle, 52% of patients (1744) 
had hemothoraces, of which 80% (1395) 
recovered after being treated by thoracente- 
sis and antibiotics alone. Twenty per cent, 
or 349 patients, had clotted hemothoraces, 
and of these 294 had decortication because 
of significant organized hemothorax, De- 
cortication should be performed in patients 
who have continuing thoracic discomfort, or 
compression of 25% or more of the lung 
with a collapsed apex, or with retraction or 
It is Valle’s 


opinion that this operation is best carried 


narrowing of the interspaces. 


out three to five weeks after wounding. 
However, if infection develops in the or 
ganizing hemothorax, decortication should 
be carried out as soon as the patient is a 
Also, at this 
The use of 
streptodornase-streptokinase was tried, but 


suitable surgical risk. time 


foreign bodies are removed. 


results were poor and its use was discon- 
tinued. Rupture of the bronchus should be 


suspected, following trauma usually of the 
crushing type, if, in the presence of pneu 
mothorax and thoracotomy water-seal drain 
age with the lung cannot be 
reexpanded and air continues to be aspi 


suction, 


rated; and also if the lung reexpands and 
then collapses again. Mediastinal and sub 
cutaneous emphysema also frequently ac 
companies the condition. Hemothorax may 
or may not be present. If the diagnosis is 
suspected on the above grounds, immediate 
thoracotomy is indicated. Primary repair 
of rupture or end-to-end anastomosis of 
transection is the operative treatment of 
choice. The injuries are generally located 
in the main-stem bronchus within | to 3 
em. of the carina. When the diagnosis is 
not made and the patient recovers, the diag 
nosis may be made on the basis of the fol 
low-up x-ray because of atelectasis; or the 
patient may present with cough or dyspnea, 
and once again x-rays will show atelectasis. 
Repeated 


episodes of pneumonitis 


may 
bring the patient to the physician. 


Bron 
choscopy then becomes an important tool in 
the diagnosis, as the stenosis or occlusion 
may be seen. With stenosis the usual pic 


ture is that of pulmonary suppuration. In 


that event, pneumonectomy, or occasionally 


lobectomy, will be the treatment of choice 
If the 
occlusion, suppuration, happily, is not the 
usual 


rupture has resulted complete 


picture. Atelectasis without 


other serious pathologic change, is the find 


alone, 
ing in this case. Here, primary plastic re 
pair, regardless of the time the condition 
has been present, is the treatment of choice, 
Resection of the involved area with end-to 
end anastomosis or, if this is not feasible, 
bronchoplasty, using a dermal graft rein 
forced with wire-suture lacing, according 
to the technique of Gebauer, is the recom 
mended procedure. 
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Injuries of the Mediastinum and Esophagus 


CAPT. FRANK E. CECCARELLI (MC), U. S. Army 


Retained foreign bodies in the mediasti- 
num, such as bullets and shell fragments, 
may produce erosion into the great vessels 
and myocardium. Irritation may produce 
recurrent pericardial and pleural effusion. 
Being contaminated upon entrance, a foreign 
body may be the site of recurrent infection 
and may give rise to embolic phenomena, 
either septic or of the missile itself. They 
should be surgically removed by elective 
thoracotomy. hemomediastinum, there 
is a widening of the mediastinal shadow in 
the chest film, with straight, smooth margins. 
Occasionally, fracture of the sternum may 
give a hematoma on the posterior surface 
of that bone, which is seen on the lateral 
chest roentgenogram. In almost all cases 
the bleeding is from small veins, and con 
servative treatment is indicated—bed rest 
and sedation. In the majority of cases, the 
bleeding will cease rapidly and the hema- 
toma will be reabsorbed in two or three 
weeks. ‘Tracheotomy should be performed 
without hesitation to relieve severe dyspnea; 
during this procedure it 1s possible to do a 
finger dissection of the superior mediasti 
num and oceasionally remove an appreciable 


' In addition to traumatic 


amount of blooc 
perforating and compression wounds, either 
accidental or intentional, the esophagus is 
liable to operative trauma, either during 
esophageal endoscopy and bougienage or 
during thoracic surgical procedures. Internal 
surface burns are caused by oral ingestion 
of caustic agents. An impacted foreign 
body may so compromise the blood supply 
that necrosis of the wall may oceur, followed 


‘ ” 


by perforation. In addition, “spontaneous 
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rupture of the esophagus has been known to 
oceur after violent or prolonged emesis. 
Perforations following bougienage usually 
occur at the point of stricture, while those 
associated with endoscopy are found most 
commonly in the cervical region or just 
It should be 
noted that in most instances the endoscopist 


above the esophageal hiatus. 


is not aware of the perforation having oc 
curred, rupture of the 
esophagus usually occurs with vomiting fol- 
lowing an excess of food or drink; preexist- 


“Spontaneous” 


ing esophageal disease is not usually present. 
The tear is longitudinal, on the posterior 
surface of the esophagus, just above the 
diaphragm. In cervical esophageal perfora 
tion, dysphagia is a prominent part of the 
history. Point tenderness is present, along 
with swelling and crepitation. The neck 
resists flexion. In addition to the history 
and physical examination, roentgenographic 
study is helpful: Widening of the medias 
tinum rapidly develops as the contamination 
spreads, and mediastinal emphysema and 
pleural fluid may be present. Roentgeno 
graphic outline of the sinus tract formed 
by swallowed radiopaque material is diag 
nostic. Barium should never be used in a 
suspected perforation because of its irrita- 
tive effect on tissue; iodized oil U. S. P. 
(Lipiodol) is the solution of choice in these 
cases. In the early perforation, repair of 
the esophagus and debridement of contami 
nated and nonviable tissues are mandatory. 
Cervical lacerations may be approached by 
an incision just anterior to the sternocleido 
mastoid muscle, whereas lacerations in the 
chest require thoracotomy. Satisfactory 
drainage of the mediastinal and pleural 
space should be carried out. Incisions of 
the mediastinal pleura throughout its length 


will decompress the mediastinum and lead 


be 


TRAUMATIC PNEUMOTHORAX 


to immediate improvement of the seriously 
ill patient. The presence of shock is not 
a contraindication to surgery in these pa 
tients. In the early hours of wound con- 
tamination, nonoperative treatment has no 
place in esophageal perforation. However, 
if the patient survives 24 hours and is in 
good condition, conservative measures may 
be carried out: intravenous fluids and anti 
biotics, along with Levin-tube suction. 
Pleural-space drainage alone can be done, 
if indicated. Burns of the esophagus are 
caused by oral ingestion of caustic materials. 
After the initial injury, edema of the wall 
develops. This is followed by 


thrombosis and, depending upon the extent 


vascular 


Traumatic Pneumothorax 


CAPT. PAUL A. THOMAS (MC), U. S. Army 


The important pathophysiologic aspects 
of the various types of pneumothorax have 
been emphasized. Two observations on the 
emergency treatment of the chest casualty 
deserve reiteration: (1) Open or “sucking” 
wounds of the chest should be occluded as 
soon as possible, and (2) tension pneumo 
thorax should be recognized treated 
immediately to relieve the increasing intra 
The ideal therapy 


pleural pressure. for 


pneumothorax of significant extent is inter 
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of burn, mucosal slough; bacterial invasion, 
occasionally with localized abscess forma 
tion, occurs, and the final healing is by 
extensive cicatrization 


granulation with 


Perforation during this two- to four-week 
period seldom occurs. Therapy should con 
sist Of immediate attempts at neutralization 
of the offending agent. The patient should 
be placed at bed rest and given bland oils 
by mouth, and in the first two weeks he 
should swallow a thread, which ts retained 
in the stomach as an aid to later bougienage 
Dilations should be begun from one to three 
weeks after burning and must be continued 
regularly. 


) 
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costal catheter, water-seal drainage of the 
pleural space. A_ plastic-encased, one-way 
Hutter valve has been developed and proved 
satisfactory as a substitute for the water 
seal trap when evacuation of the patient ts 
anticipated, Hemothorax is commonly as 
sociated with traumatic pneumothorax; if 
bleeding continues, a thoracotomy may be 
necessary to prevent exsanguination of the 
patient. The restoration of cardiopulmonary 
phy siology takes precedence over all other 
aspects of trauma. If this is not appreciated, 
the patient may not survive the operation, no 
matter how magnificently it is performed 
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Fractures of the Thoracic Cage 


CAPT. ROBERT J. BOESE (MC), U. S. A. F. 


If the trauma is severe enough to cause 
multiple fractures, a large segment of the 
chest is immobilized. The decrease in cough 
and tidal exchange may be large. Secretions 
The 


aimed at 


are pooled, and wet lung develops. 


treatment consists of measures 
getting the tracheal-bronchial tree cleaned 
of secretions. If the condition is not severe, 
relief of pain will permit the patient to 
cough, and this will be sufficient to allow 
cleaning of secretions. This relief is best 
accomplished by intercostal nerve blocks. 
This procedure is relatively simple, and it 
does not have the objections that other 
methods have. It is easiest to inject the 
nerve at the angle of the rib. Two nerves 
above and two nerves below the injured ribs 
should be injected in order to obtain com- 
plete analgesia. Taping of the chest is out 
moded and harmful. Fracture of the same 
ribs in more than one place is a more serious 
injury. If a sufficient number of ribs are 
fractured, a flail chest may develop. 
tures of the ribs or cartilages on both sides 


rac- 


of the sternum produce the same type of 
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defect. Paradoxical motion allows for very 
little exchange of gases to take place. The 
tidal air is decreased, and there is an in- 
crease in dead-air space. Intercostal block 
is of value if only a few ribs are broken. 
The relief of pain may be sufficient to allow 
the patient to breathe deeply and the para 
doxical motion to become of little conse 
may be necessary to 
stabilize the chest. The center of the flail 
segment may be grasped with a towel hook 


quence. ‘Traction 


or cervical tenaculum. Traction is then ap- 
plied over a single pulley at right angles 
to the segment. Five pounds is usually suffi- 
cient. Tracheotomy is of great value in 
these patients. Often it alone will be suffi- 
cient to return the physiology to normal. 
Intermittent easily accom- 
plished. The dead space is reduced to one- 
third of its original allowing a 
greater utilization of tidal air. The resis- 
tance to breathing is greatly decreased be- 
cause of increased size of inlet—the larynx 
of man is small and is actually a bottleneck 
to air flow—and decrease in air turbulence. 
Occasionally open reduction with internal 
fixation by wire sutures must be done to 
obtain stability of the chest. 


aspiration is 


value, 


Tripler Army Hospital (Dr. Bowers). 


728 


Injuries of the Spinal Column 


CAPT. ROBERT R. GATTI (MC), U. S. Army 


The commonest mechanisms of injury in 
the cervical region are automobile accidents, 
in which there is rapid deceleration with 
forced flexion of the head; falls on the head, 
such as diving into too shallow water; 
In the 


lumbar region the commonest mechanisms 


whiplash injuries, and direct blows. 


are falls from a height on the feet or in 
the sitting position, or the sudden losing of 
Violent 
muscular contractions, such as in extremely 


one’s footing with a lurch forward. 


heavy lifting or in Metrazol or electric 
shock, can produce fractures of the spinal 
column. Many injuries which did not orig 
inally have neurologic involvement, because 
of injudicious handling become so compli 
cated. Handling of patients with suspected 
spinal column damage must be undertaken 
with extreme care. The patient should be 
very cautiously rolled onto a stretcher, ex 


treme care being used to avoid any flexion, 
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or, to a less degree, extension, of the spine 
The patient is probably best transported on 
his abdomen; but if for comfort or conven 
ence’s sake he must be transported on his 
back, a rolled blanket should be placed 
under the lumbar region to prevent relative 
flexion in this area, 

The person who sees the patient with a 
possible cervical injury first should main 
tain a until 
Muscle 


strain and ligamentous sprains are recog 


constant traction on the head 


the medical facility is reached. 
nized by the presence of localized muscle 
spasm and tenderness, the absence of neu 
rologic involvement, and 


negative X-ray 


examination, Treatment consists of heat, 
analgesics, and restriction of activity. In 
some cases the application of a cervical 
collar must be resorted to in order to give 
adequate rest. 

Compression fractures of the cervical and 
lumbar regions are treated by tmmobiliza 
tion in extension for a period of three or 
more months. 
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Trauma to the Shoulder, Arm, Elbow and Forearm 


COMDR. NEWMAN A. HOOPINGARNER (MC), U. S. N. 


Any of the three joints comprising the 
shoulder mechanism may be displaced or 
dislocated as the result of trauma. Persist- 
ent, 
is not always disabling to any significant 
degree. 
either undesirable cosmetically or may give 
rise to pain and, as a late result, secondary 


unreduced sternoclavicular dislocation 


In some instances, however, it 1s 


traumatic arthritis. Acromioclavicular sepa- 
ration or dislocation is most frequently sus- 
tained as the result of direct trauma to the 
“point” of the shoulder and is frequently 
seen in football players. In the first, only 
the 
rupted, and displacement is minimal because 


acromioclavicular ligaments are dis- 
the coracoclavicular ligaments remain intact. 
When the trauma has been severer and the 
coracoclavicular ligaments are also disrupted, 
displacement is more marked, the weight 
of the arm tending to allow the shoulder to 
drop in relation to the clavicle, which re- 
mains elevated by the pull of its attached 
muscles. Reduction is easy but is unstable, 
and “conservative” methods of maintaining 
reduction are cumbersome, uncomfortable, 
and frequently unsuccessful. Some surgeons 
prefer early surgical fixation with trans- 
fixion Kirschner wires or small pins. The 
great majority of scapulohumeral disloca- 
tions seen in practice will be of the anterior, 
or subcoracoid, variety. Failure to immo- 
bilize the joint following reduction for a 
period of time sufficient to permit healing 
of the soft the 


most important single cause of recurrent 


tissues is believed to be 
dislocations of the shoulder. Usually, immo 
bilization with a sling and swath, Velpeau 
dressing, or Velpeau cast for four weeks is 
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sufficient to permit healing. A period of 
graduated active shoulder exercises follow- 
ing immobilization is usually advisable to 
redevelop muscle power adequate to serve 
as additional “muscular support” for the 
joint. Fracture of the clavicle is a common 
injury in children, as well as adults, and is 
usually caused by a blow to the side of the 
shoulder or a fall on the outstretched hand. 
lracture may occur in any portion of the 
clavicle, but its anatomical curvature ren- 
ders the middle third the most susceptible. 
stringing the shoulder girdle upward and 
backward tends to realign the fragments. 
lortunately, the clavicle tends to heal read- 
ily even with inaccurate realignment, and 
the majority of patients have little, if any, 
disability resulting from imperfect align- 
ment. Nonunion can and does occur in 
requiring 
of the 
neck of the humerus may be divided into 


impacted abduction, impacted adduction, and 


occasional instances, however, 


delayed open reduction. 


displaced or unimpacted types. Impacted 
fractures of either abduction or adduction 
type are common in elderly persons. Angu 
lation is usually minimal and causes little 
disability. In this age group, such fractures 
require only support with a sling for two 
or three weeks and early institution of 
gentle active exercises, such as “pendulum” 
exercises. Younger patients may require 
more vigorous treatment. Abduction frac 
tures with lateral displacement of the distal 
fragment and impaction of the lateral, or 
outer, margin of the fragments, sometimes 
with “pinching off” of the greater tuberosity, 
would only tend to be exaggerated if treated 
in abduction. In most instances, immobili- 
zation with the arm at the side, using a 
sling or similar dressing which permits early 
mobility of the elbow, wrist, and fingers, is 


: 
te 


usually adequate initial treatment. Gentle 
active shoulder exercises may usually be 
started in about three weeks. Occasionally, 
severely displaced fractures require 


fixation. 


may 
open reduction and Adduction 
fractures, with medial displacement of the 
distal fragment and impaction of the medial 
side of the fragments, may, if uncorrected, 
result in limitation of abduction of the ex- 
tremity to a degree corresponding to the 
degree of angulation. Traction and abdue- 
tion to reduce the angulation, followed by 
immobilization in a position of abduction 
for about four weeks to prevent redisplace 
ment, may be required before institution of 
gentle exercises. Manipulative reduction 
may usually be accomplished by traction to 
the humerus in a_ position of adduction 
across the chest, at the same time pushing 
the upper end laterally until the fracture 
surfaces engage. Traction is then discon 
tinued and the limb returned to the side, 
where it is maintained with slings or band 
ages, if stable, or by a plaster Velpeau cast 
if unstable, for a period of about four 
weeeks. Blood supply to the humerus is 
good, and fractures of the humeral shaft 
tend to heal readily even if immobilization is 
not complete. Excessive traction is not ordi 
narily required to obtain alignment of the 
fracture fragments. One simple method of 
treatment in cooperative patients is by means 
of a hanging arm cast. The weight of the 
cast is usually sufficient for traction to main 
Minor 


degrees of residual angulation may then be 


tain length and general alignment. 


controlled by adjusting the length of the 
sling or by placing a pad at a suitable level 
between the arm and the body, with or 
without a supplementary swath. Occasion 
ally, more rigid support is necessary, and 
occasionally soft-tissue interposition may 
necessitate open reduction. Healing 1s usu- 
ally well established in six to eight weeks. 
Dislocation of the elbow is a common injury 
at any age. The bones of the forearm may 
be displaced posteriorly, with or without 
associated medial or lateral displacement. 


Prompt manipulative reduction with ade- 


Hloopimgarner 


TRAUMA TO SHOULPER, ARM AND ELBOW 


quate anesthesia and immobilization in 
flexion for about three weeks, followed by 
graduated active exercises, is the treatment. 
Probably the commonest serious elbow in 
jury of children and adolescents is supra 
Usually 


the fracture line is oblique, extending up 


condylar fracture of the humerus. 


ward and backward from the front of the 
bone, so that the distal fragment is displaced 
backward and upward. Reduction is usually 
accomplished by traction, followed by flexion 
of the elbow and any lateral molding neces 
the alignment. ‘Traction 
the 


manipulated to avoid damage to the brachial 


sary to correct 


must be maintained while fracture is 


vessels and nerves. Accurate reduction is 
important if future elbow motion is to be 
unimpaired. Anteroposterior displacements 
may permanently restrict flexion or exten 
sion, and lateral angulation results in- per 
manent cubitus valgus or varus deformity 
Slight lateral displacements, however, will 
remodel with time without residual disabil 
ity if alignment is otherwise satisfactory. 
The pronounced swelling which usually ac- 
companies these injuries often makes reduc 
tion difficult because bony landmarks are 
obscured, necessitating x-ray control and 
remanipulation until reduction is satisfac 
tory. The swelling within the tight fascial 
space also encroaches upon the nerve and 
blood supply to the forearm, especially when 
the elbow is flexed sufficiently to maintain 
reduction, and great care must be taken to 
avoid serious circulatory embarrassment, 
with its attendant complications, including 


Volkmann's 


immobilization should preferably be by pos 


ischemic contracture. Initial 
terior splint rather than encircling dressings, 
and the extremity should be elevated and 
closely watched for several days for evi 
dence of excessive swelling or circulatory 
embarrassment. Shoulder and finger exer 
cises may be started early while the patient 
is wearing a splint and sling. Fractures of 
the radial head are usually caused by falls 
on the outstretched hand, which force the 
joint into valgus position. Joint damage is 
usually much more extensive than x-ray 
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that 
apparently minimal damage may be attended 


examination would suggest, so even 
by prolonged disability and restriction of 
joint motion. When x-ray changes are ob- 
vious and marked, the treatment of choice 
in adults is always early surgical excision 
of the radial head. When damage is less 


obvious, it is still often wisest to remove 
the damaged radial head, but exceptions may 
occasionally be made. Radial-head fractures 
in children, however, present a somewhat 
different problem. Excision of the damaged 
head would, by removing a growing epiphy 
sis, result in deformity of the forearm, 
with probable alteration of function. Every 
effort toward conservative management 
should, therefore, be made. Angulation may 
sometimes be corrected by manipulation, If 
manipulation fails to result satisfactory 
alignment, open reduction is indicated. In 
any case, gentle active motion can usually 
be started after about three weeks of immo 
bilization, Iraeture of the olecranon of the 
ulna may result from a direct blow on the 
point of the elbow or from sudden forcible 
flexion of the extended elbow, The triceps 
expansion is usually disrupted at the level 
of the fracture, so that active extension of 
the elbow is impaired and the proximal 
fragment is retracted upward by the at 
tached triceps. Occasionally, extension of 
the elbow may result in satisfactory align 
ment of the fragments, but surgical repair is 
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generally indicated, In most instances both 
the fracture and the triceps expansion are 
repaired, but occasionally older persons, 
particularly if the proximal fragment 1s 
small, may recover function most rapidly 
if the small bone fragment is excised and 
only the triceps repaired. Accurate correc 
tion of angulation and rotation deformities 
resulting from fractures of one or both 
bones of the forearm is important if perma 
nent restriction of movement 1s to be 
avoided, Angulation is usually readily ap 
parent to the untrained eye, either clinically 
or radiologically. Rotational deformity 1s 
usually less obvious to the uninitiated, but 
is no less important. In reducing and im 


mobilizing forearm con 


trollable 


fractures, the 
distal fragment will need to be 
supinated if the fracture is in the upper 
third or to be brought into neutral rotation 
or slight pronation if the fracture is in the 
middle or lower third. “Greenstick” frac 
tures in children without displacement but 
with moderate angulation may be reduced 
by careful molding of the fragments. Im 
mobilization in a long arm cast or molded 


splints, with appropriate supination or pro 


nation of the forearm, is then carried out 
until healing is complete in from four to 
six weeks. Minor degrees of residual angu 
lation following manipulation may be cor 
rected by appropriate wedging of the cast. 
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Injuries to the Thigh. Knee, and Leg 


CAPT. JOHN S. SMITH (MC), U. S. ARMY 


lractures of the proximal one-third of 
the femoral shaft usually show abduction 
and flexion of the proximal fragment, due 
to the pull of the gluteal and iliopsoas mus- 
In the middle one-third there is no 
constant deformity; however, overriding 1s 
In the distal one-third, or 


cles. 


usually present. 
supracondylar type of fracture, the gastroe 
nemius and soleus muscles cause posterior 
the 


emergency treatment of these fractures, as 


angulation of the distal fragment. In 


with all fractures, splints should be applied 
before moving the patient to prevent more 
soft-tissue damage, increased bleeding, and 
vascular and nerve injury. Emergency 
overemphasized. A 


satisfactory 


splinting cannot be 


Thomas the most 
means of immobilization but is rarely avail- 
able at the time of injury. A board from 


the groin to the toes or binding of the leg 


splint is 


to the normal leg is an available and satis 
factory method for emergency splinting. 
Most fractures of the femur can be treated 
successfully in traction. Initially, 15 to 25 
lb. or more may be required, with gradual 
reduction in the weight to prevent distrac- 
tion and delayed or nonunion. In children 
end-to-end apposition is not necessary, and 
often is not desirable, because overgrowth 
takes place after a fracture and overriding 
will be compensated for by this later over- 
growth. Epiphyseal separation is an excep- 
tion, and accurate reduction is necessary for 
a good result. With acute trauma to the 
knee, marked effusion usually occurs, with 
pain and loss of function. Even though 
X-ray examination has ruled out a fracture, 
a number of structures still may have been 
injured, such as the semilunar cartilages, 
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the crusiate ligaments, the collateral liga 
ments, and the synovia. The acutely effused 
knee is painful, and the fluid should be 
Often 
this will relieve the pain enough to allow 


aspirated, under aseptic technique. 


sufficient clinical examination to determine 
cartilage or ligamentous injuries. The char 
the fluid the 
Depending on the amount of 


acter of will also aid in 
diagnosis. 
disability, a compression bandage, a cast, or 
With 


minor injuries a padded dressing with an 


traction may be necessary. more 
Ace bandage often gives considerable com 
fort. Crutch walking is advisable until acute 
symptoms subside. A cylinder cast may be 
used with ligamentous injuries, but if the 
ligaments are torn and surgery is not con 
traindicated, surgical repair is the treatment 
of choice, with cast immobilization until the 
ligaments heal. If the semilunar cartilages 
are torn or dislocated, removal is usually 
advisable. A knee can lock in partial flexion 
because of a torn meniscus. Buck's traction 
may release the locking while the patient is 
awaiting elective excision. Compound in 
juries of the knee joint should be treated 
surgically as early as possible after the 
injury. All loose bone and cartilage is re 
the the 


synovia or fascia closed. Secondary skin 


moved and joint’ irrigated and 
closure is done in four to six days. Disloca 
tions of the patella occur and must be 
reduced, and they should be immobilized in 
cast for four to six weeks. [ractures of 
the patella can occur from direct or indirect 
trauma. With direct violence, there may not 
be separation, and simple cast immobiliza 
tion for six to eight weeks is usually suc- 
cessful. A severely comminuted fracture is 
best treated by excision and repair of the 
quadriceps tendon; with one large fragment 


and numerous small fragments, the smaller 
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fragments are excised and the tendon re- 
paired transversely, I[mergency treatment 
of tibial fracture consists of splinting with 
a Thomas splint, pillow, rolled newspaper, 
board, or any other means available. If 
compound, of course, the fracture should be 
treated surgically as soon after the injury 
of possible. In general, fractures of the 
midportion of the tibia heal slowly because 
of poor blood supply. The results of treat- 
ment in traction are not as good as with 
the femur, and nonunion is not uncommon 
when continuous traction is used. There 
fore, treatment is by closed reduction and 
casting or by open reduction and internal 
Trans 
fibula 
intact to lend stability, and stable oblique 


fixation, except in unusual cases. 


verse fractures, fractures with the 


fractures may be treated by closed reduction 
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and casting. The cast may be wedged, if 
necessary, to correct angulation, It must 
be a long leg cast and extend from the toes 


to within a handbreadth of the groin. [rac 


tures of the tibial plateau require accurate 


reduction. Open reduction is necessary if 
closed means do not produce anatomic re 
duction, At the time of surgery the knee 
The 


depressed into the fracture and require re 


joint is inspected. meniscus may be 


moval, Immobilization initially and no 
weight bearing for three months or more ts 
necessary. Fibular fractures without tibial 
fractures do occur and are a result of direct 
violence. The fibula is a non-weight-bearing 
bone, and wearing a cast for several weeks 
is all that is necessary for the relief of pain 


Tripler Army Hospital (Dr. Bowers) 


Injuries of Hand and Wrist, Foot and Ankle 


CAPT. DONALD 5S. KELLAM (MC), U. S. Army 


Fundamental to the early care of open 
wounds of the hand is ridding the wound 
of contaminants by cleansing, care being 
used meanwhile not to add irritating or toxic 
chemical agents or new infection. Tendons, 
nerves, bones, and its joints are vulnerable 
structures which will not tolerate prolonged 
exposure to air, and hence must be covered 
at early operation, At debridement severed 
nerves other than digital nerves should be 
left 


should be repaired or left, depending on 


tagged or strictly alone. Tendons 


conditions in the wound, Fractures, other 
than severe dislocations, are best left alone 
for later, closed reduction. The injured 
finger must be supported and immobilized 
ina flexed position, leaving uninjured parts 
free, and being certain that they are exer- 
cised frequently, The treatment of swelling 
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of the extremity by elevation is simple but 
ofttimes forgotten. The metacarpal frac 
tures most commonly seen are at the base 
of the first metacarpal and in the shafts of 
the fourth and fifth. As in phalangeal frac 
tures, a differentiation must be made be 
the 
joints and those which do not. Most simple 


tween those fractures which involve 


chip or nondisplaced breaks heal well when 
When the 


break is located near the head, volar angula 


immobilized three to four weeks. 


tion of the distal fragment becomes a prob 
lem, and reduction must be accomplished 
Once reduced, these fractures must, to 
maintain stability, be immobilized with the 


fully 


Fractures of the medial and lateral malleoli 


metacarpophalangeal joint flexed 
at the ankle which are nondisplaced are 
treated in long leg casts for six to eight 
weeks, with weight-bearing allowable during 
the last two weeks in cast. Fractures with 
displacement of fragments but no diastasis 
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TENDON TRAUMA 


of the tibiofibular joint are usually easily 
reduceable under proper anesthesia by trac 
tion and manipulation. The talus is usually 
dislocated in a lateral plane and must be 
manually forced back into place. A long 
leg cast is applied with molding around the 
ankle. The most frequent tarsal fracture, 
that of the os calcis, is frequently over 
looked, both clinically and by x-ray. Result 
ing from direct blows, they are frequently 
in an anteroposterior plane and are thus 
missed by lateral x-rays of the foot. Any 
fall, no matter how trivial, with resulting 
heel tenderness, may well represent fracture 
of the os caleis. X-rays in the axial plane 
will reveal them. The prognosis depends 
greatly on whether the fracture involves the 
subtalar joint. When the talocaleaneal joint 
is spared, use of a walking cast for six to 


Tendon Trauma 


CAPT. FRANK E. CECCARELLI (MC), U. S. Army 


In suturing tendons that glide, as in a 
sheath, special care must be used to prevent 
adhesions, as the sheath itself will not move; 
in suture of tendons surrounded with para 
tenon, adhesions are not as important a 
consideration, as the paratenon will move 
with the itself. of 
better results are always obtained in suture 


tendon Because this, 


of the forearm than in the hand. Following 


tendon immobilization 1s usually 


maintained for two or three weeks; a more 


repair, 


recent trend is toward early, 1. e., within five 
days, passive motion of the injured portion, 
with approximation of the cut tendon ends 
maintained. The approximating agent must 
remain in effect for three weeks. Because of 
the tendency of cut tendons to proliferate, 
; not be left unattached; 


free ends should 


eight weeks after reduction usually suttices, 


when followed by an elastic support. A 
common metatarsal fracture is the evulsion 
of the base of the fifth, usually occurring 
with severe inversion. stress. It best 
treated in a short walking cast for a period 
of six weeks. Shaft and neck fractures of 


metatarsals are common results of trauma 
to the foot, and nearly all respond well to 


An 


requires 


immobilization for four weeks. occa 


sional unstable fracture either 


Kischner-wire immobilization or traction 
through the phalanx to maintain position. 


skeletal 


cause of nonunion and malunion and should 


Incorrect traction is a frequent 


be used with caution. ractures of the toes 
are treated much like those of the metatar 
sals. 

Bowers ) 
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crippling cross adhesions may be formed by 
attachment of these free ends to unaffected 
parts. A minimum of suture material should 
be used, and once physiologic union has been 
achieved, it is superfluous and may be re 
moved. Internal, or “core,”’ sutures will 
produce less adhesions than a surface stitch 
In the presence of infection, tendon repair 
will not be successful. Consequently, pri 
mary repair should not be attempted in a 
grossly infected wound or in one in which 
infection is anticipated. As a corollary to 
this, early and adequate debridement of all 
foreign bodies and devitalized tissue must 
be accomplished. If satisfactory skin clo 
will 
supervene. Consequently, in lacerated ten 


sure cannot be obtained, infection 


don wounds with loss of skin, primary 


tendon repair is not done, but closure is 
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first obtained by skin grafting. In extensive 


vascular and tendon injuries, the primary 
should of 


consideration be maintenance 
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blood flow; tendon repair may be done at 
a later date. Dad results occur if a tendon 
is immobilized beyond the optimal time. 
Consequently, if immobilization of the in 
jured part will be prolonged because of bony 
injury, tendon repair should be deferred. 
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All tendon repairs should be done under 
adequate anesthesia and a bloodless field; 
brachial block or general anesthesia and the 
use of a tourniquet are essential. 
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Trauma to the Pelvis and Hip 


LIEUT. COL. CHARLES R. W. REED (MC), U. S. Army 


Most characteristic of major injury in 
this total disability. 
Weight-bearing cannot be tolerated, and the 


area 1S immediate, 
body weight must be distributed over a 
wide surface to diminish pain. The patient, 
therefore, fallen. 
Displaced pelvic fractures produce immedi 


remains where he has 
ate, steady bleeding into paramuscular and 
retroperitoneal spaces. In a few minutes 
500-1000 ce, of blood is lost from the cir 
culation. Rapid (careless or inexperienced ), 
painful handling or a fast, swaying auto 
mobile or ambulance ride may easily precipi 
tate combined traumatic and hemorrhagic 
shock. The patient can be moved supine 
ina blanket. The legs should be wrapped, 
taped, or bound together at the thighs; sand 
bags or pillows which prevent rolling or 
jostling of the thighs diminish movement in 
the fractures. Quick, accurate determination 
of the presence and location of pelvic frac 
One 
gently compresses or distracts the crest of 
the pelvis first. Then the pubic rami, ischia, 
sacrum, iliac joints, and hips can be palpated 
as the patient lies supine with the clothing 


ture is done where the patient lies. 


still on. Appropriate sensation and circula- 
tion in the legs can be determined with a 
touch of the hand. Splinting can be done, 
and one can determine whether or not 
ambulance transportation is required for a 


conscious patient. Urinary-tract injury oc- 
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curs in about of cases. DBlood emitting 
from the penile urethra may indicate penile 
or posterior urethral damage. l’ractures of 
the pubis or displacement of the symphysis 
pubis may avulse or transect the urethra. 
Clear urine indicates serious injury. 
Krank blood or bloody urine presupposes 
bladder rupture, contusion, or laceration. A 
full bladder may rupture from compression 
forces of the accident without urethral in 
jury. lragments of the pubis may perforate 
one or both walls of the bladder. If bloody 
urine is obtained, the catheter may be left 
and a cytogram, using dilute 
iodopyracet (Diodrast), 
while the patient is on the x-ray table for 


in place, 
can be obtained 
pelvic roentgenogram. If no urine is ob 
tained or the bladder cannot be proved to be 
intact, a suprapubic cystotomy should be 
performed and the bladder and urethra re 
paired as soon as the patient can tolerate 
sugery. The patient with a undisplaced or 
mildly displaced fracture can be kept on a 
comfortable bed and allowed to sit up and 
ambulate as the pain subsides. Fracture 
with displacement of the hemipelvis superi- 
orly can be placed in skeletal traction with 
a pin through the distal femur and 20 to 
40 Ib. of traction applied, with the foot of 
Well- 


leg traction apparatus is good if available. 


the bed elevated for countertraction. 


Another method is to reduce the displace- 
ment with the patient lying on the undis- 
placed hemipelvis and apply a well-molded 
plaster cast from nipple line to knees. Crush 
injury, with multiple fractures of the pelvic 
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TRAUMA TO PELVIS 


ring, may require 15 Ib. of skin traction to 
both legs, and a canvas counterweighted 
pelvic sling to assist in changing the bed 
and using the bedpan. If the pelvis is 
compressed laterally and is overriding at 
the pubis, bilateral long leg casts with turn 
buckles at the ankle and groim will correct 
the overriding. After 10 days a patient can 
move, with little discomfort. Daily exer 
cises of the leg within limits of pain greatly 
diminish the patient’s pain and fears. A 
trapeze for the patient to grasp and lift 
himself will be used early by most patients. 
Karly fibrous healing of fractures allows 
most patients to roll over, sit up, and ambu 
late in four to eight weeks, depending on 
multiplicity and displacement of fractures. 
The commonest causes of death are shock 
and pulmonary embolism. Alternating dis 
orientation and irritability may represent a 
fat embolism syndrome. Recovery is usual 
in 10 days. An immediate complication of 
posterior dislocation is sciatic nerve injury 
of the thrust 
Anterior 


as the head femur ts back 
dislocation 


Initial 


against it. may pro 
duce femoral artery injury. 
the 


determine and record sensation and circula 


eXalll 


ination im room should 


emergency 
tory status of the extremity. The malprac 
tice jury consider this an ordinary and 
average standard of medical practice for all 
licensed physicians. Occasionally the sciatic 


nerve may be damaged during reduction of 


the dislocation and may require surgical 
exploration. Fractures of the acetabular 
rim oceur frequently with the hip dislo 
cation. Fragments may slip into — the 


depth of the acetabulum, keeping the head 
Surgical reduction 
of the 
proximal femur are commonly of two types 
those of the neck, occurring in the 60 


90-year age group, and those of the tro- 


from complete reduction 
will then be required, lractures 
lo 
chanters, in the 45- to 60-year age group. 
Neck, or intracapsular, 
common history, such as a slight misstep, 


fractures have a 


twist, and fall. Many fractures occur be 
fore the patient strikes the ground. He has 


immediate disability and moderate pain, and 


Reed 


the leg remains externally rotated. If not 


moved, the patient is fairly comfortable 
Circulation and sensation are usually not 
disturbed. The patient may be transported 
supine with legs wrapped together, a board 
bound from tlank to calf, or a Thomas splint 
applied. In the hospital, 5 Ib. of skin trae 
tion and use of sandbags to stop rotation 
of the foot are sufficient. Conservative treat 
ment usually produces poor functional re 
bedsores, infection, and 


sults, urinary 


pneumonia. These old people tolerate ma 
nipulation and Smith-Peterson nailing well 
when done the same day under local, spinal, 
or general anesthesia. Their wounds heal 
readily; the pain ts relieved; they can. sit 
up and are easily nursed, and 906 survive. 
They do not walk well on crutches and are 
cared for better on a day bed or wheel 
The 


bearing in less than three months. Ambula 


chair. nail does not permit weight 
tion on crutches invites them to refracture 
by using the injured leg for balance. Tro 
chanteric fractures usually occur from a 
fall the 


rapidly because blood supply is good in this 


direct against hip. ‘These heal 


area. Clinical examination may show only 


hip tenderness and disinclination to move 


the leg. Ability to roll the leg is common 
and does not rule out fractures Three 
common methods of treatment are used: 


First are surgical reduction and nailing with 
a nail and plate attached, after which the 
patient is pain-free and ambulates on 
crutches or a wheel chair for three months 
Continuous traction with skin traction on a 
slightly flexed Thomas splint in bed until 
the patient is pain-free is a simpler method, 
available at home or in hospital. A_ single 
leg-hip spica permits home care. A well-leg 


plaster-cast traction permits wheel chair 


ambulation. This consists of an L-shaped 
bar attached to the foot of a long leg plaster 
cast on the well leg. The free end of the 
bar is attached to a short boot cast wrapped 
around a Steinmann pin driven through the 


tibia on the injured side. When the pull is 


placed on the injured side, counterpressure 
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The 
pelvis is thereby pushed up on the well-leg 


on the sole of the well leg occurs. 


side and down on the injured side, like a 
parallelogram. This abducts the injured hip 


Acute Head Injuries 
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and holds it in this reduced position. The 
patient can be carried about or placed in a 
wheel chair in a few days. 
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LIEUT. COL. GORDON T. WANNAMAKER (MC), U. S. Army 


The patient with a closed head injury 
presents a different problem from the one 
with an obvious fracture, where the need 
and value of surgery are quite evident. lor 
the patient who has a closed head injury, a 
decision must be made as to the opportune 
time for surgery or other means of treat 
ment. Clinically, it is sometimes impossible 
to differentiate between a subdural hema 
toma and cerebral contusion with edema. 
Accordingly, if the patient’s level of con 
sciousness is becoming increasingly impaired 
or shows no improvement, the pathological 
neurologic signs are increasing, or the vital 
signs are indicative of increasing intracra 
nial pressure, burr holes should be placed 
on both sides of the head. Bleeding from 
the cerebral vessels is usually easier to con- 
trol if surgery can be delayed for 8 to 10 
hours after trauma. Hence, surgery prior 
to that time is reserved for those patients 
who present a clinical picture of severe 
who 
The 


technique for placing burr holes ts_rela- 


increased intracranial pressure and 


appear to be deteriorating rapidly. 
tively simple. The skin incision is made, 
starting at the upper border of the zygoma, 
2.5 to 3. em. anterior to the external auditory 
meatus. The incision is extended upward 
for 6 to 7 em., then curved horizontally 
for 2 


usually employed. 


backward cm. Local anesthesia is 
Hemostasis of the skin 
edges can be achieved by placing small 
hemostats at 1 cm. intervals along the galeal 
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edge and applying gentle traction. The 
exposed temporal fascia is then incised in a 
curvilinear fashion. The temporal muscle 
is then separated in the direction of its fibers 
and retracted with a self-retaining retractor, 
so that an area of bone 4 to 5 em. in diam 
eter is exposed. A burr hole is then made. 
The burr hole is enlarged by rongeuring 
away the adjacent bone. If an epidural 
hematoma is present, it will be readily vis 
ualized. The clot should be removed slowly, 
a little at a time, from above downward. 
When the lacerated meningeal ‘vessel comes 
into view, it should be coagulated or ligated. 
If the tear is at the base of the skull, it may 
be necessary to plug the foramen spinosum 
with a mixture of wax and cotton to achieve 
hemostasis. After evacuation of the epidural 
hematoma, it is advisable to open the dura 
and inspect the brain and subdural space. 
Should no epidural hematoma be encoun 
tered at the site of the original burr hole, 
the underlying dura is opened and the sub 
dural space explored. If a subdural hema 
toma is encountered, it should be removed 
by enlarging the burr hole or turning a bone 
flap. During the comatose period the pa 
tient requires constant attention. The ward 
personnel should never be allowed to de 
velop the attitude that “since the patient has 
been unconscious for so long, he will never 
be anything but a vegetable; so why bother 
to save him?” These patients can, and often 
do, recover completely. The problem of 
maintaining an adequate airway and pre 
venting pulmonary complications is usually 
the most difficult to combat. Death is usually 
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due to pneumonia or asphyxia. The patient's 
position must be changed from side to side 
at frequent intervals to aid in lung drainage. 
Secretions must be removed from the air 
passages. Tracheotomy, sometimes, makes 
this job easier for inexperienced personnel. 
Nutrition cannot be adequately provided by 
intravenous fluids. Accordingly, nasogastric 
tube feedings at two-hour intervals are given. 
I-nemas are administered every other day. 


Injuries of the Spinal Cord 


MAJOR THOMAS P. TALLEY (MC), U. S. A. F. 


Potential spinal cord injury must be recog 
nized at the scene of injury, and the patient 
moved in such a manner that the spine re 
imams immobilized, if the possibility of con 
verting a simple fracture into a permanent 
para- or quadriplegia is to be avoided. Trae 
tion and immobilization must be constant; 
and once the diagnosis is made, the patient 
should be placed on a rotating frame and 
traction by tongs instituted if appropriate. 
Prompt neurologic and roentgenographic ex 
amination will then detine the seriousness 
of the situation by indicating the level and 
extent of bony injury and neurologic def 
icit, Physical examination must be com 
plete enough to discover any concomitant 
intrathoracic or intra-abdominal trauma, as 
these may constitute a greater surgical emer 
gency than the cord injury. An indwelling 
catheter should be placed in the bladder on 
admission unless the patient is able to void. 
\ change in the neurologic status is of more 
diagnostic importance than the findings at 
any one examination, as, in general, spon 
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An external condom drainage attachment ts 
more desirable than a urethral catheter to 
prevent wetting of the bed. Physical therapy 
must be administered several times a day to 
maintain muscle tone and prevent frozen 
joints with contractures. Otherwise, when 
the patient regains consciousness, it will be 
many weeks before he is able to ambulate 
without support. 


Army Hospital (Dr. Bowers) 


Pripler 


taneous improvement contraindicates surg! 


cal intervention while increase’ in 
neurologic deficit is an indication for im 
mediate laminectomy. Any open or com 


pound injury should be immediately 


explored and debrided surgically. Positive 
signs of bony encroachment on the cord or 
complete spinal fluid block are indications 
for immediate decompressive laminectomy 
In the absence of the above definite indica 
tions, each case must be individualized in 
regard to surgery, and the decision is often 
a difficult one. Surgery on the traumatized 
spinal cord should be undertaken only by 
an experienced neurosurgeon, In cases with 
severe neurologic involvement the prognosis 
is poor regardless of the treatment, so that 
prompt and continual supervision of the 
indicated conservative measures is of major 
importance. These include tidal drainage of 
the bladder, adequate intake of a high-pro 
tein diet, turning the patient every two 
hours, physical therapy, directed at maximal 
utilization of the patient’s remaining fune 
tion, and emotional support to carry the 
patient through the period of psychological 
reorientation 
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Injuries to the Solid Abdominal Viscera 


CAPT. ELBERT B. FOUNTAIN (MC), U. S. Army 


Trauma to abdominal viscera may be 
produced by several CAUSES : 
1 An squeezing, 


due to a direct blow, which may crush a viscus 


anteroposterior or lateral 
hetween the instrument of force and the spinal 
column 

A tangential force which may move a viscus 
heyond the limits of its mobility, tearing its 
mesentery or capsule 

Sudden compression of an organ which has 
heen rendered more susceptible to injury by 
preexisting disease process 

\ missile or bony spicule, which may rupture 
or penetrate either hollow or solid viscera 


\ fall 


injure the viscera by shattering or tearing 


from a height or a blast which may 


The diagnosis of closed abdominal trauma 
is difficult; however, it has been stated by 
many surgeons that it is better to open and 
explore the abdomen fruitlessly than to lose 
a patient because of nonexploration, Statis 
tics produced from World War Il and from 
the Korean conflict show a direct relation 
ship between mortality and delay in surgical 
intervention, Intra-abdominal injuries are 
more likely to be multiple than not, and 
suspected cases should receive thorough sur 
gical exploration. 
World War Il conflict 


revealed that in 27% of abdominal injuries 


Series of cases from 


and the Korean 
there was liver damage, with a case fatality 
of 27% in World War II, which was re 
duced to 15 in Korea. The diagnosis of 
injuries to the liver when due to blunt 
trauma or tangential forces, or when asso 
ciated with other major injuries may pre 
sent a problem. There are no signs and 
symptoms which are unique for this injury, 
and symptoms of intra-abdominal injury 
may be delayed and not become manifest 


for a number of hours. The signs of rup 
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ture of the liver in the absence of penetrat 
ing trauma are chiefly those of hemorrhage 
and shock, with associated peritoneal and 
diaphragmatic irritation. Abdominal tender 
The ab 


dominal pain is usually made severer by 


ness and rigidity are common 


deep breathing or motion. Overlying soft 
tissue injury or fractured ribs should) in 
crease the index of suspicion, Frequently, the 
absence of pelvic peritoneal tenderness, as 
elicited on rectal examination, will aid in 
establishing the presence of irritation from 
blood and bile which may have gravitated 
to this region. The use of an intraperitoneal 
tap and the finding of blood in the peritoneal 
cavity will aid in the diagnosis, although a 
negative tap should not contraindicate ex 
ploration. Preoperative treatment is directed 
toward establishing the diagnosis, toward 
the care of existing shock, and toward the 
preparation of the patient for surgery. The 
definitive treatment of all liver wounds is 
surgical. Madding, in reporting on 829 liver 
injuries, found a high mortality in the non 
operative group (62% ) and an inerease in 
mortality and morbidity associated with a 
delay surgical intervention. Madding 
found that active bleeding was present in 
only 9% of the cases at the time of ex 
ploration; however, bleeding, destruction of 
hepatic tissue with extravasation of bile, 
and associated intra-abdominal injury still 
necessitate Operative intervention. The prin 
ciples of treatment are directed toward (1) 
control of bleeding, if present; (2) repair 
of the defect 
tissue; and (3) establishment of drainage 


and removal of devitalized 
to the exterior. 

In penetrating injuries the foreign body 
should be removed if it is within the liver. 
Suture of the rupture or laceration of the 
defect such 


in the liver is indicated when 


2 
3 
me 
|| 


INJURIES TO SOLID ABDOMINAI 


damage is found. Interrupted sutures of 
large caliber with the use of round tapered 
needles should be introduced at least 1 in. 
from the wound edges. To control venous 
ooze, and in order to perfect hemostasis, a 
number of agents may be used. These in 
clude absorbable gelatin sponge (Gelfoam ), 
oxidized cellulose (Oxycel), or one of the 
autografts, such as peritoneum, muscle, or 
omentum. The multiplicity of injury, as 
shown by Madding, revealed the following 
statistics in regard to mortality : 


Per Cent 
Mortality 
Liver imyjury alone 97 
2, Liver plus one organ 26.5 
3. Liver plus two organs 39,7 
4. Liver plus three organs 54.8 
5. Liver plus four or more organs 84.6 


Shock due to hemorrhage was the cause 
of death in 51.4% of the cases. Because of 
the pulpy consistency of the spleen, once 
the 
tends to continue in the face of any measure 


organ has been injured, hemorrhage 
employed other than splenectomy. From the 


World War If and the Korean 


of abdominal in 


studies of 
contliet, we find that 7% 
juries included fracture of the spleen. In 
The 
mortality from rupture of the spleen in 
World War Il was 257, and in Korea this 
15% 


dominal wounds the diagnosis is made at 


2.3 of cases this was the sole injury 


was reduced to In penetrating ab 


the time of laparotomy if not suspected 


previously. In nonpenetrating trauma the 
diagnosis is more difficult. Evidence of in 
hemorrhage, as manifested by a 


blood 


pulse, left-shoulder pain, and a positive ab 


ternal 


lowered pressure and an elevated 


dominal x-ray of the abdomen, will make 


the diagnosis suspect The positive X-TAY 
findings consist of medial displacement of 
the stomach gas bubble, exclusion of gas 
shadows of the bowel from the left upper 
quadrant with depression of the transverse 
colon and splenic flexure, and diffuse hazi 


/ 


untain 


VISCERA 


ness in the left upper quadrant, with possi 
bly some elevation of the left diaphragm 
Injuries to the pancreas are the most im 
frequent of the 
Localized areas of pancreatic contusion or 


solid abdominal viscera. 
damage may go unrecognized because of the 
vagueness of clinical manifestation and the 
failure of the observer to appreciate them 
The case fatality rate in World War Il was 
58%, Korea 


Penetrating wounds of the pancreas are rare 


being reduced to 22€@ in 
as a single entity. Mild trauma may produce 
only edema and hemorrhage within the 


gland, and the injury is not suspected 
Severer injury more frequently will pro 
duce severe pain, profound collapse, and 
often an elevated blood and urinary amylase 
Hemorrhage into the pancreas will give rise 
to abdominal pain, usually with vomiting, 
marked tenderness in the epigastrium, re 
duction in peristalsis, mild fever, and leuko 


cytosis. The serum amylase may rapidly 
fall after the first 48 hours, except when 
there are persistence of a cyst and con 


tinuing pressure. Rupture of the pancreas 
with extravasation of enzymes causes severer 
signs and symptoms. The treatment of pan 
creatic injuries is difficult, but the aim of 
hemorrhage and 


management to stop 


prevent enzymatic spillage. This may neces 
sitate debridement, excision, remplantation, 
these 


or inversion, or combination = of 


measures. The tail of the pancreas may be 
injured along with the spleen. In such cases 
the tail of the pancreas may be amputated 
If the duet of 


Wirsung is injured, an attempt should be 


at the time of splenectomy 


made to close it, although the success of 
such a procedure will be questionable. Ade 
quate postoperative drainage is mandatory, 
and the skin should be protected from the 
pancreatic enzymes by application of suitable 
skin compounds, such as aluminum paste or 
silicone creams 
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Peripheral Nerve Injuries 


CAPT. PETER W. HOAGLAND (MC), U. S. Army 


The following points are of importance in 
treating peripheral nerve injuries : 
1. Accurate end-to-end apposition of nerve ends 
with particular attention to funicular align- 
ment, in the absence of 


infection, without 


interposition of foreign matter, such as 


hematoma, neuroma, scar tissue, or suture 
material; and in most cases during a period 


three to six weeks following injury 
Prolonged immobilization 
Intensive physical therapy during the period 
of regeneration 
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Failures in peripheral nerve repair may 
usually be traced to one of the following 
Causes : 

Wound infection 
Poorly placed sutures which extend into the 
actual neurofibrils of the nerve 
Undue tension on the suture line 
Poor selection of suture material 
Incompletely resected pathologic damaged 
areas of the nerve 
Inadequate period of immobilization 
Failure to carry out a vigorous rehabilitation 
program 
Even in this day of surgical technique, suture 
of nerve to tendon in wounds with multiple 
injuries 
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Abdominal Trauma: Injuries to the Hollow Viscera 


CAPT. PAUL A. THOMAS (MC), U. S. Army 


Penetrating or perforating wounds are 
presumed to have entered the peritoneal cay 
ity unless it is proved otherwise. 
multiple 


Usually, 


organs are involved missile 
wounds, and the injury may be anticipated 
by plotting the tract as a straight line from 
entrance to the site of lodgment or exit. The 
mechanisms of injury 
principally compression and 
shearing from attachments. Wounds of the 


following — blunt 


trauma are 
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stomach are simply closed. Injuries of the 
small intestine are closed or treated by 
resection and anastomosis where necessary. 
Injuries of the colon are treated by exteriori- 
zation or by repair and proximal diverting 
colostomy, depending on the site and extent 
of injury. Trauma of the cecum or ascend 
ing colon is a problem which requires in 
dividualization, depending on the site and 
extent of involvement in a given patient. 
The gallbladder is surgically removed when 
injured, and the common duct drained with 
a T-tube. 
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Priority of Treatment in Multiple Injuries and 


Summation of Surgery for 


COL. WARNER F. BOWERS (MC), U. S. Army 


When speaking of priority of treatment, 
one usually thinks of many casualties and 
of the necessity for deciding which patient 
needs immediate care. Here, we are not 
speaking of mass casualties, but we refer to 
multiple injuries in one patient and of the 
necessity to decide which type of injury 
requires care the most urgently. From a 
consideration of the frequency with which 
various body regions are wounded, it is ap 
parent that, aside from hemorrhage, at least 
50% of injuries carry no immediate threat 
shown in the 


to life. The distribution is 


accompanying Table. 


Frequency of Injury by Body Region 
Atomic 
Conventional 
Rural Urban 
Head, neck, and face 12% Bh% i 
Thorax 15 
Abdomen 
pper extremity 22 26 
Lower extremity a7 24 “4 


Obviously, those wounds which hinder 
cardiorespiratory function, such as chest, 
neck, and maxillofacial injuries, must be 
managed very early, and those wounds in 
which there is severe external hemorrhage 
require equally early care. It is a matter 
of nice judgment as to which is to be 
corrected the In 
only these two situations is the urgency a 
In all other cases, the 


first in individual case. 


matter of minutes. 
immediacy is a matter of hours. When the 
airway 1s adequate, other cardiorespiratory 
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Acute Trauma 


changes have been controlled, and external 


hemorrhage has been stopped, abdominal 
wounds take next priority for operation. 
Nonpenetrating abdominal injuries usually 
require a period of observation before the 
diagnosis can be made, and during this 
period resuscitative measures are carried 
out. With penetrating abdominal wounds, 
however, the question is not if we should 
operate but when. Among penetrating ab 
dominal injuries themselves, if the injury 
is recent, and the patient is in good general 
condition, shows little evidence of hemor 


rhage, and has no concomitant injuries, 


should be carried out without 


since little 
In the case of a severe injury by 


operation 
delay, resuscitative effort is 
needed. 
large fragments in which shock ts present, 
blood replacement takes first priority, and 
only after shock has been controlled 
operation undertaken. The exception is the 
patient whose blood pressure does not re 
spond to suitable replacement; and if shock 
is not improved after administration of 2 
units of blood, severe vessel damage and/or 
retroperitoneal hematoma must be suspected 
Here, immediate operation may be life-say 
who are obviously fatally 


ing. Patients 


wounded, those in severe shock with ad 
vanced sepsis, those with multiple severe 
wounds, and patients seen first after 18 or 
24 hours are to be treated expectantly and 
conservatively. Any salvage in this group 
depends more on the patient than on the 


After 


priority is accorded injuries of the braim and 


abdominal injury, next 


surgeon, 


spinal cord. Here, again, closed imyuries 
require a period of observation in which to 
evaluate localizing signs, if any, and, al 
though open wounds require debridement 
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and dural closure, the urgency is not as 
great as for abdominal injuries, because 
contamination is of the secondary type in 
the brain and cord, whereas in the abdomen 
continuing spillage from a perforated hollow 
viscus is more dangerous to life. [ven 
patients in coma tolerate delay remarkably 
well. I-xtensive soft-tissue wounds require 
care next, and here the entire emphasis is 
prophylactic. Hemorrhage is stopped to pre 
vent imereasing shock, and debridement. is 
carried out to discourage bacterial growth. 
Repair is left for a later, and more propi 
tious, moment. Particularly is peripheral 
nerve repair left for a later date, because, 
unless the wound heals by first intention, 
nerve repair is doomed to failure, with loss 
of time and often with loss of nerve length. 


Iextensive buttock wounds re 


and sacral 
quire special mention, because some surgeons 
feel that these injuries take precedence over 
abdominal injuries in order that one may 
avoid turning the patient over after ab 
dominal exploration, It is difficult to gen 
eralize on this point, since, obviously, the 
patient may bleed to death into the abdomen 
while the posterior wound is being debrided. 
Genitourinary wounds have a relatively low 
priority of injuries 


usually are treated conservatively, and rarely 


themselves. Kidney 
is excision because of hemorrhage required. 
Iexcision for damage to the kidney pelvis is 
not of the degree of urgency of abdominal 
injury. Rupture of the urinary bladder and 
ureter falls into the domain of the abdominal 
surgeon, because he discovers the injury at 
laparotomy and takes care of it as part of 
the total procedure. Injury to the external 
genitalia is an emergency only in the event 
of severe hemorrhage or if the urethra is 
damaged, especially in the perineum. Here, 
early intervention 1s needed to prevent urin 
Maxillofacial 


which Go not compromise the airway and 


ary. extravasation, 


injuries 


most eye imyjuries take low priority for 
operation, being taken care of when injuries 
more threatening to life and limb have been 


controlled 
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A, ARCHIVES OF SURGERY 


There are a number of essential, but 
simple, surgical procedures which may be 
life-saving or which may be very helpful as 
a resuscitative measure preparatory to oper 
ation. These are listed as follows, roughly 
in their order of probable precedence : 

1. Ligate major arteries, especially in ex 
termities, or control lesser hemorrhage by 
pressure dressings. 

2. Perform tracheotomy but keep in mind 
that simple replacement of facial parts with 
maintenance by a Barton type bandage may 
stop bleeding and open the airway. 

3. Close sucking wounds of the chest by 
any means at hand, but a massive dressing 
is best, acting as an escape valve as soon as 
the dressing becomes wet with blood. 

4. Control pressure pneumothorax — by 
needle aspiration or in a more stable situa 
tion by tube and underwater seal or flutter 
valve. 

5. Complete the partial traumatic ampu 
tations if restoration is not possible. This 
permits hemostasis and makes the patient 
more transportable. 

6. Splint major fractures to stop progres 
sion of shock and prevent further damage to 
neurovascular structures. 

7. Remove foreign bodies if they are large 
and in nonvital areas, remembering that they 
may plug a large vessel and that exsangui- 
nating hemorrhage may follow injudicious 
removal before all is in readiness to proceed. 

Injuries due to cold are not emergencies 
and decisions may be deliberate, but signif- 
icant burns do urgently require early care. 
The immediate problem is one of fluid and 

electrolyte balance to prevent death from 
shock, and the later concern is to deal with 
infection in an attempt to thwart death from 
sepsis. 


Conclusions 


Injuries take the following precedence for 
treatment based on threat to life and limb: 
those hindering cardiorespiratory function 
(chest, neck, and maxillofacial), abdominal 
penetration, brain and spinal cord, extensive 
soft-tissue wounds, genitourinary, and eye. 
Buttock and sacral wounds are controversial 
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MULTIPLE INJURIES AND ACUTE TRAUI 


if in conjunction with abdominal injury and 
must be individualized. This order of pre 
cedence is presented for multiple injuries in 
one patient but is equally applicable for 
groups of cases in mass casualty work. The 


difference is almost entirely one of degree, 


MA 


keynote, as in all triage, is the decision as to 


and not a change in basic principles 


which case or type of wound can best with 
stand delay while something more urgent 1s 
attacked. 
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Aortography Utilizing Percutaneous Left Ventricular 


Puncture 


JOHN J. McCAUGHAN Jr., M.D., and JAMES W. PATE, M.D., Memphis, Tenn. 


As more cardiac and great-vessel diseases 
are being surgically attacked, the need for 
accurate anatomical diagnosis becomes man- 
datory. While the classical history and 
physical examination remain the most im- 
portant diagnostic tools available, they are 
frequently unable to give the high degree 
of anatomical exactness demanded by sur 
gical intervention in central cardiovascular 
disease. Roentgenographic visualization of 
the contrast-filled heart and great vessels 
has proved to be one of the most useful of 
Many 


for arterio 


the special diagnostic procedures. 


methods have been described 
graphic visualization of the aortic arch and 
its branches. In general, these methods may 
be divided into three groups: (1) angio 
cardiography, in which the dye passes 
through the heart and then into the aorta,!” 
with its modifications of right atrial 
catheterization ** and release of dye from an 
bulb ®; 
catheterization via the carotid,® the brachial,' 
(3) 
direct needle puncture of the ascending aorta 


8,24 


intra-atrial (2) retrograde arterial 


the radial,’* or the femoral artery ™; 


via the supraclavicular or intercostal 


M16 Although these methods are 


approach, 
satisfactory in some CASES, either they are 


technically difficult or the roentgenograms 


do not accurately depict the true nature of 


the anatomy or pathology of the aorta.™:!?:** 


Dissatisfaction with these methods led to 
the possibility of utilizing percutaneous left 
ventricular puncture as a method of intro 
ducing the dye. Percutaneous left ventricu 
used to 


It is 


lar puncture has long been 


resuscitate the heart in cardiac arrest. 
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also commonly used in laboratory animals 
without significant complications. The ven 
tricular cavity has often been entered when 
performing pericardiocentesis. 

Nuvoli '® (1936) was the first to utilize 
percutaneous left ventricular puncture for 
aortography and reported vascular collapse, 
which he believed was due to overdistention 
Ponsdomenech (1951) re 
ported 47 cases of ventricular punctures 
When the 


puncture was utilized to inject a_ radio 


of the heart. 


without major complications. 
paque medium for visualization of the heart 
and aortic arch, he termed the procedure 
cardioangiogram. Smith and co-workers !* 
* reported 39 cases of ventricular punctures, 
with 1 that 
treatment with recovery, Brock * reported 24 


cardiac arrest responded to 
cases of left ventricular puncture without 
difficulty. Smith and Wilder tested 
the method in dogs and found it to be 
feasible. 

In our early studies, a cardioangiogram 
visualized the aortic arch of two patients 
While the 


arch was demonstrated, the great vessels 


suspected of having aneurysm. 


arising from it were not opacified (Tig. 1). 
that 


because of 


It was felt their visualization was 


necessary their importance in 


relation to the aneurysm. Boerema* de 
scribed a method employing the Valsalva 
maneuver to reduce the cardiac output and 
to allow concentration of dye during retro 


The Valsalva 


maneuver is a familiar phenomenon, where 


grade aortography in dogs. 


by the increase in intrapulmonary pressure 
causes direct compression on the vena cava 
and the right atrium, markedly reducing 
cardiac inflow and outflow, along with a 


reduction of systemic blood pressure. When 


: 


AORTOGRAPHY WITH PERCUTANEOUS 


Fig. 1-—Cardioangiogram without the Valsalva 
maneuver in a patient with aneurysm of the entire 
ascending aorta. Concentration of dye is poor, 
and visualization of the great arterial branches of 
the aortic arch is inadequate. Needle can be seen 
in the left ventricular cavity 


the Valsalva maneuver was employed in con 
junction with the intraventricular injection 
of dye, visualization of the aortic arch and 


its branches was accomplished. 


Technique 


The procedure is carried out in the x-ray 


room. The patient is placed in a_ right 


posterior oblique position to unfold the arch 
of the aorta, and a multiple-exposure film 
* is positioned under the chest. A 


test to 


changers 


routine — sensitivity acetrizoate 


and an electro 
the 


Anesthesia 1s induced with thiopental ( Pen 


(Urokon) is carried out, 


cardiogram is attached to patient. 
tothal) sodium and suceinylcholine (Anectine) 
chloride. An endotracheal tube is inserted and 
the anesthesia supplemented with nitrous ox 
ide and oxygen. After preparing and draping 
the lower left chest, a 4-in., large-bore, thin 
walled, 18-gauge needle is inserted near the 


* Sanchez-Perez Automatic Serialograph Corpo 


ration 
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xiphoid process and is directed in a pos 
terior, superior, and slightly left lateral 
direction. When the point of the needle 
reaches a depth of 3 to 5 cm., movements 
of the heart can usually be felt. The needle 


is then inserted for an additional 3 em., and, 


after removal of the trocar, a rhythmical 


ejection of bright red blood can be seen if 
the needle point is free in the left ventricu 
lar cavity. Occasionally, the right ventricle 
is entered. This can be readily ascertained 
dark blood. The 


needle is then attached to a rubber tubing, 


by observing venous 


approximately 2'% ft. 


(75 cm.) in length, 
which is connected to a syringe containing 
25 cc. of 70% This 
permits the operator to be the 


Klectrocardio 


sodium acetrizoate, 

free of 
path of the roentgen rays. 
graphic tracings are taken throughout the 
procedure. Occasionally, there is no altera 
tion in the rhythm, but usually there are a 
few extrasystoles as the myocardium is 
The anesthetist is then instructed 
the 


essentially a compression of the anesthesia 


pierced. 


to. start Valsalva maneuver, which is 
bag with enough force to maintain a pres 
sure of 40 cm. of water. The pressure can 
be read directly from a manometer which 
is attached to the airway. This pressure is 
maintained for 60 seconds, at which time a 
ce. of 
The electrocardiogram is moni 


test dose of sodium acetrizoate ts 
injected, 
tored, and any alterations in rhythm are 
noted. If no arrhythmia appears, the re 
of 70% 


is injected manually over a period of four 


maining 24 cc. sodium acetrizoate 
seconds. The first roentgenogram is exposed 
at the completion of injection and is fol 
lowed by cight exposures made at two 
second intervals. The Valsalva maneuver is 


released and normal respiration resumed 


six seconds after completion of the injec 
The 
though the necessary equipment for cardiac 


tion. needle is then withdrawn. Al 
massage is kept close at hand, it has not 


been needed in this series. The patient is 
then examined for pneumothorax, and, if 
this not present, routine postoperative care 


is given. 
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Fig. 2.-Cardioangiogram of patient with a large 
mediastinal Mass, suspected of being aorti 
aneurysm.  lexcellent visualization of the aorti 


arch and great arteries of the neck definitely rules 
out aneurysm, Needle can be seen in left ventricle 


Thirty-one pereutaneous left) ventricular 
punctures have been executed on 29 patients. 
higure 2 shows a relatively normal cardio 
angiogram of a patient in whom a= large 
aortic aneurysm Was suspected, There have 
been no deaths, but four complications oc 
occurred two 
The 


compheations were directly due to technical 


curred, Pneumothorax 


cmphysematous patients. other two 
errors which could have been avoided, Dur 
mg the Valsalva maneuver the heart may be 
displaced and the left ventricular cavity 1s 
reduced in’ size. This may displace the 
needle point, which was previously in the 
lumen, so that it penetrates the posterior 
wall of the heart, allowing the dye to be 
injected into the cardiac musculature. These 
accidents were followed instantly by very 
severe alterations in the electrocardiographic 
tracings. Ventricular tachycardia occurred, 
and it was feared that ventricular fibrillation 
might ensue; however, after several minutes 
both 


cases, and the patients showed no residual 


the rhythm reverted to normal in 
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Fig. 3. —Atiempted cardioangiogram reveals dye 
myected into the left: ventricular musculature and 
vives an unusual visualization of coronary veins 


ill effects. 


cardiac musculature and an unusual visual 


Figure 3 shows the dye in the 
zation of the coronary sinus. Jt was in 
that the 
tachycardia appeared immediately upon the 


teresting to note ventricular 


intramuscular injection of acetrizoate. 
Thereafter, this sensitivity of the cardiac 
test 
At the end 


of the dye 


muscle to acetrizoate was used as a 
for the position of the needle. 
of the Valsalva maneuver, 1 ce. 
is imyjected, and the cardiologist can im 
mediately detect whether the needle point is 
in the ventricular musculature and can warn 
the surgeon. If the rhythm remains rela 
tively normal, it 1s believed safe to proceed 
with the injection. During the initial pene 
tration of the heart by the needle and dur 
ing the rapid injection of acetrizoate, a few 
extrasystoles usually oceur.!® 

Utilizing this technique, the aortic arch 
and innominate, left common carotid, and 
subclavian arteries can be visualized. Figure 
4 shows the cardioangiogram of a patient 
with an aneurysm in the sinus of Valsalva. 


igure 5 is a cardioangiogram of a patient 
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Fig. 4.—Cardioangiogram reveals large aneurysm 
Valsalva 
dissecting aneurysm 
the proximal 
artery, which 


of the simus 


Fig. of 
the aortu 


ancurysm of 


McC aughan- 


rupture 
is faintly 


Pate 


WITH PERCUTANEOUS 


VENTRICULAR PUNCTURI 


LOCA, 


wf 


Fig 5—-Cardioangiogram reveals — excellent 
visualization of arteriovenous fistula (4. 
between the left common carotid artery (1. C. ¢ 
1.) and the innominate vem Also plainly visual 
ized is the left innominate ven (/.. 7. 1.) and the 
vorne arch A ) 


hig. 7.-Cardioangiogram of patient with sus 
pected aneurysm of the thoracic aorta, but 
roentgenogram reveals kinking of thoracic aorta 
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with an arteriovenous fistula which is lo- 
cated in the left common carotid artery. 
Figure 6 is a cardioangiogram of a patient 
with a large aneurysm of the aortic arch. 
Figure 7 is a cardioangiogram of a patient 
with suspected aneurysm of the thoracic 
aorta, but a roentgenogram reveals kinking 
of the thoracic aorta. 

Unquestionably, cardioangiography plus 
the Valsalva maneuver will yield superior 
the 
If cardioangiography per- 


visualization of aortic arch and_ its 
branches,!! 
formed without the Valsalva maneuver, the 
aortic arch will be visualized, but the dye 
will not usually be of sufficient concentra- 
The 


needle can be placed into the left ventricular 


tion to outline the great branches. 
cavity with ease, and the procedure appears 
to be a relatively safe one. Inclusive of the 
cases in this report, 134 ventricular punc- 
tures have been reported without a fatality. 
The two serious complications in this series, 
due to early technical errors, have not been 
repeated and should be avoided in the future. 
There is always the possibility of injury to 
the coronary vessels, but, fortunately, it has 
not been encountered in our series. To 
lessen this possibility, Brock * advised pune 
ture of the heart near the apex and inser- 
tion of the needle at a point slightly to the 
left of the apex beat. Thus far, we have 
utilized ventricular puncture mainly for in- 
jection of dye for visualization of the aortic 
arch. Presently, we are investigating the 
use of ventricular puncture for the detection 
of mitral for recording 
pressures across the aortic valve,‘ and for 
the demonstration of pulmonary lesions.?! 


Summary and Conclusions 


Percutaneous left ventricular puncture has 
been carried out 31 times without fatalities. 

Radiopaque dye injected into the left 
ventricle, when accompanied by the Valsalva 
maneuver, will permit adequate concentra 
tion of the dye for visualization of the 
aortic arch and its branches. 

Two cases of pneumothorax and two in- 
stances of muscular infiltration of the dye 
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constitute the only complications encoun- 
tered, The latter two complications were the 
result of technical errors in the early part 
of our experience. 


VA Medical Teaching Group, Kennedy Hospital 
(15) (Dr. MeCaughan) 
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Surgical Operations on the Superior Mesenteric Artery 


WILLIAM P. KLEITSCH, M.D.; EDWARD K. CONNORS, 


Pathology of the superior mesenteric 
artery is by no means a medical rarity. 
the 


cause, and the immediate emergency is the 


Arteriosclerosis — is usual underlying 
result of subsequent thrombotic or embolic 


occlusion, Occlusion of this 


artery 1s a 
highly fatal condition, resulting in massive 
gangrene of the 
20% of the 


dures which may improve this dismal out 


midintestine, which less 


than victims survive. Proce 


look for 


patients with this condition are 


well worth considering. Three cases are 
herewith reported describing direct surgical 
attack on. the superior mesenteric artery, 
Although one patient died as a result of 
complications, the surgical treatment of the 


artery was successful in each instance, 


Report of Cases 
CASE, 1 


year history of heart disease was admitted to the 


\ 65-year-old white man with a 15 


hospital, and a diagnosis of congestive heart failure 
with auricular fibrillation was correctly made and 
ippropriate treatment was prescribed, A good re 
sponse was obtained until nine days after admis 
sion, When he developed a sudden, severe abdominal 
pain, radiating to the back and thighs and asso 
ciated with vomiting with a 
13,500) per The skin 
was cold and clammy; but the blood pressure was 
IXO/116, the 


and leukocytosis, 


count ol 


cubic millimeter 


temperature 96 I, and the pulse 76 a 
On the following day the pain had 
sided, but the patient remained apprehensive 


sub 
Anti 


coagulant therapy was prescribed 


Surgical consultation was requested on the 


second day, At that time the patient did not appear 
in acute distress. The pulse was irregular, and the 
blood 140/90 The was 
distended and rigid, with generalized and rebound 


The 


cubie 


pressure was abdomen 


absence of 


had 


tenderness and 


cell 


bowel sounds 


white count risen to 16,500) pet 
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millimeter, with a shift to the left. A roentgeno 


gram of the abdomen revealed a distended small 
bowel with fluid levels, and a diagnosis of paralytic 
ileus due to mesenteric artery occlusion was made 

Laparotomy was undertaken, and a small amount 
of cloudy peritoneal fluid was found, as well as 
distention and bluish discoloration of the entire 
small bowel from a point 18 in. below the liga 
ment of Treitz to a beyond the 


point slightly 


midtransverse colon. Pulsation in the mesenteric 
arcades and peristalsis in the involved bowel were 
absent. There was a sharp line of demarcation 
between the viable and the semiviable bowel 
The superior mesenteric artery was explored by 
opening it longitudinally, and an embolectomy was 
performed. A good flow of blood was obtained 
proximally, and the distal branches were empty, 
with no evidence of thrombosis, Heparin solution 
was injected into each of the branches through a 
catheter. The defect 


continuous nonabsorbable 


closed with a 


(silk) 
After completion of this operation pulsations re 


arterial was 


surgical suture 
turned to all the mesenteric arcades. The color of 
the bowel improved, and peristalsis returned after 
applying moist packs. 

The immediate postoperative course was good 
Heparin, 100 mg., was given intravenously, after 
further 
The following day his condition de 
markedly ; 
mained soft and bowel sounds could Ix 


which no anticoagulant treatment was 


prescribed 
teriorated however, the abdomen re 
heard. He 
died on the second postoperative day, in’ hyper 
pyrexia 

An autopsy was performed, and the cause of 
The heart 


weighed 940 gm. and showed severe arteriosclerosis 


death was believed to be heart failure 


of the coronary arteries and valvulitis. There were 
some passive congestion and petechiae in the small 
bowel, but it appeared viable. The site of suture 
of the superior 
but patent 
of the 


directly opposite the orifice of the superior mes 


mesenteric artery was narrowed 


The only demonstrable site of origin 


embolus was an atherosclerotic plaque 


enteric artery, although the auricular fibrillation 
may also have been involved 

Cask 2.—A 64-year-old white man, farmer, was 
admitted to the hospital complaining of pain and 
a “knot” in his epigastrium. The onset was about 
two years prior to admission, while he was lifting 
hay, and was associated with an epigastric pain, 
which was so severe that he was unable to work 
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the remainder of the day. The “knot” was in the 


midline 5-6 cm. inferior to the xiphoid process, 


and disappeared spontaneously only to recur at 


irregular intervals, apparently without cause, dur 
ing the imtervening The “knot,” when 


present, has always been in the same location and 


two years 


has remained constant in size 
‘I he 


casions and 


epigastri pain rec urred on numerous 


was described as a sensation “as if 


a needle were jabbed inside” him. The pain was 
aggravated by exertion and was relieved by lying 
flat on his back It 


tion and without 


was always in the same loca 


radiation. There was no relation 


to time of day, food intake, or antacids; however, 


he was never awakened by it during the mght 


Four days prior to admission, he again developed 


the same severe epigastric pain, which this time 


was unremittent. Two days prior to admission he 
visited a doctor, who felt the “knot” and advised 
the patient to be hospitalized 

Positive physical were limited to the 
abdomen, which was flat in contour, with a well 
healed, 


There 


findings 


midline epigastric herniorrhaphy seat 


from the 
xiphoid to 4 cm. inferior to the umbilicus, through 


was a diastasis recti extending 
which a 23 em., firm, smooth mass could be pal 
pated slightly to the left of the midline and 3 em 
The transmitted the 
pulsations of the abdominal aorta but did not itself 
pulsate. No 


with 


above the umbilicus mass 


bruit was heard. It did not move 


respiration but was movable by palpation, 


particularly transversely. It appeared to be intra 


abdominal and moderately tender. The remainder 


of the physical examination was unrevealing 
Surgical exploration revealed a mass in the root 

of the found to be an 

aneurysm of the main trunk of the proximal part 


mesentery, which was 


of the superior mesenteric artery (Figure). Two 
vessels left the aneurysm at its distal end, and a 
The wall 
longitudinally, and 
The 


third left it through its posterior wall 


of the aneurysm was incised 


the intima and blood clot were dissected out 


Diagram illustrating procedure used in perform 
ing intimectomy and arterial 


MA 
YS 


LINE OF 
EXCISION 


reconstruction im 
( ase 


RECONSTRUCTED 
ARTERY 
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intima of the afferent and etterent branches was 


then sutured to the artery wall to prevent subse 


blood 


aneurysm wall was partially excised, and the artery 


quent dissection by the current 


reconstructed with interrupted silk sutures 
blood 


artery The 


Was 


\ good flow of was noted through the re 


constructed pulse returned to the 


mesenteric arcades, and a normal bowel color 


developed. The postoperative course was unevent 
ful. A bruit 


teri 


was heard over the superior mesen 


artery period; this was 


patient was discharged on the eighth postoperative 


in the postoperative 

considered to indicate patency of the vessel 

day 
Comment. These two cases suggest that 


arteriosclerotic disease of the 


mesenteric artery is susceptible to direct 


surgical attack. With the continuing devel 
opment of vascular surgical techniques, 1 
is reasonable to expect the appheation of 
such procedures as embolectomy, intimec 
tomy, aneurysmorrhaphy, or arterial graft 
ing or reconstruction to be more successful 


than massive bowel resection. Of course, 
if gangrene of the bowel has occurred, re 
section must be done in spite of the bleak 
outlook. 


proach to the diseased artery 


Prompt and direct surgical ap 
promises a 


brighter future to the victim of occlusive 


disease of the superior mesenteric artery 


Since the mortality of this disease in the 
past 50 years has varied between 80% and 
90%, any 
would be significant. 


Case 3 \ 19-year-old white male veteran was 
admitted to the 


improvement in these figures 


hospital after sustaimmmg a 22 


caliber gunshot wound of the abdomen. He had 


received «a blood transfusion en route to the hos 


pital diagnosis ot chron schizophrenia, mixed 


type, with the patient rated as incompetent, was 


obtained from his old hospital records 


Physical examination revealed a pale, lethargy 
youth, with cool, damp skin, a 


138/90, and a pulse of BO a 


blood pressure of 


minute \ creulat 


penetrating wound, about 4 mm. in diameter, sur 


rounded by powder burns, was present to the left 


of the midline just above the umbilicus. The ab 


domen was diffusely tender, with generalized re 


hound tenderness and hypoactive peristalsis \ 


subcutaneous foreign body was palpable posteriorly 
at the level of the second lumbar vertebra, ap 
to the left of the midline Phe 


examination was otherwise 


proximately 2 in 


unrevealing 


At laparotomy, approximately five hours after 


the accident, a hematoma was found in the root of 


> 
| ~ 
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the mesentery. The bullet had perforated the 
transverse mesocolon, the mesentery of the small 
bowel, the posterior peritoneum, and the psoas 
muscle and had come to rest beneath the skin of 
the back. Several minor bleeding points in the 
mesocolon and the mesentery were ligated, and 
The bullet 


through a small posterior skin incision 


drains were placed was recovered 


‘Ten 
shock 


developed, considerable blood having been lost from 
his dram sites 


After this procedure the patient did poorly 
hours after the laparotomy, hemorrhagic 
At a second laparotomy, 12 hours 
after the first operation, a large amount of free 
clotted blood the peritoneal 
and was measured as in excess of 3000 cc 


and was found in 


cavity 
A large hematoma was found in the root of the 
The 


was incised, and the hematoma proved due to a 


mesentery peritoneum over the mesentery 
briskly bleeding perforation in the superior mesen 
teric artery, the vessel showing both a wound of 
entrance The 


vein had also suffered an incomplete, 


and a wound of exit. superior 
mesenteri 
lateral laceration, which was closed by oversewing 
it with a single mattress suture, Attention 


then directed to the perforation in the superior 


was 
mesenteric artery, The injured segment of artery 
was excised and an anastomosis was constructed, 
after which procedure the pulse returned to the 
mesenteric and the regained its 


arcade bowel 


normal, pink color 

Further exploration of the tract retroperitoneally 
revealed a small perforation in the inferior edge of 
the duodenum, just cephalad to the ligament of 
Treitz, which had been overlooked in the previous 
The 
whole blood during 


exploration. This” perforation closed. 
required 4000 ce. of 


the operation 


was 
patient 
The wunmediate postoperative course 


was uneventful, and he recovered rapidly from 


the operation 


On the seventh postoperative day, however, he 
developed nausea and vomiting and complained of 


abdominal pain—all of which persisted, so that on 


the 10th postoperative day laparotomy was again 


recommended because secondary mesenteric throm 


bosis amd infarction of the bowel could not be 


excluded from consideration Fortunately, at 


laparotomy, the small bowel was found to be 


entirely normal. However, an old hematoma was 


found in the right mesocolon and retroperitoneally 


in the right paracolic gutter. This was evacuated 


and drained. Following this procedure the patient 


made a smooth and uneventful recovery. He was 


discharged from the hospital one month following 
his accident 


to follow funda 


mental rule of traumatic surgery almost 


resulted tragically in this case. A_ basic 


maxim is that all penetrating wounds must 
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have the missile tract explored from the 
foreign body to the skin. Hematomas, espe 
cially, must be evacuated and bleeding points 
ligated. A hematoma is no substitute for a 
ligature. 

the hematoma in the 
mesentery was probably avoided for fear of 
It should be kept 
in mind that hemorrhage from the superior 


Exploration of 
exciting a hemorrhage. 


mesenteric vessels is readily controlled by 
grasping the mesentery between the fingers. 
This maneuver is facilitated by evisceration 
of the jejunum, which elevates the mesen- 
tery and delivers it into the wound, making 
a careful dissection safe and easy. 


General Comment 


The cases reported serve to illustrate the 
point that vascular surgery has reached the 
stage where its techniques are readily ap 
plicable to the superior mesenteric artery. 
An additional point in favor of such sur 
gical procedures is the fact that the distal 
mesenteric arteries are seldom subject to 
This 
rapid run-off through the surgically trauma 


arteriosclerotic occlusion. assures a 


tized artery and will minimize postoperative 


thrombosis. The possibility of this type of 


surgery emphasizes the need for prompt 
diagnosis and urgent laparotomy when su 
perior mesenteric artery occlusion is sus 
pected, Vascular after 


surgery gangrene 


has developed is useless. If the operation 
is done before the bowel changes become 
statistics 


irreversible, an improvement in 


may be expected. 


Summary 

Three cases are reported in which various 
surgical techniques were utilized to correct 
pathology in the superior mesenteric artery, 
I:mbolectomy was performed in one; en 
darterectomy and thrombectomy of an aneu 
rysm with arterial reconstruction were done 
in another, and a segmental resection was 
done in a third. 
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Carcinoid of the Rectum 


TIMOTHY A. LAPAPHIER, M.D., and ROBERT EHRLICH, M.D., Boston 


The express purpose of this paper is to 
review and analyze and add to the literature 
six cases of carcinoid of the rectum and 
to discuss the role of serotonin in the diag 
nosis of caremoid. By supplementing 
endoscopic examination with the more re 
cent approach of determination of serotonin 
blood levels, the diagnostic armamentarium 
for detecting rectal carcinoid is vastly in 
creased 

A review of the literature reveals that 212 
cases of carcinoid of the rectum have been 
this 
number coupled with the 6 cases reported 


reported up to the present date, and 
herein makes a total of 218 cases, 
! in January, 1957, mentioned 303 
cases not reported ino the literature which 
he had gleaned from a questionnaire type of 
1953 Bu 


chanan * reported a total of 77 cases of car 


survey from 1260 surgeons. In 
cmoid of the rectum 

The problem as to whether or not caret 
noid of the rectum is malignant remains 
debatable 


do metastasize, and actually two of the cases 


It is well known that these tumors 


to be reported in this series were fatal be 
cause of malignant spread to the liver, It is 
our belief that these tumors are potentially 
malignant, although they are slow to 
metastasize, 

It is certainly evident that the carcinoid 
has the ability to do one of two things. It 
may remain as a benign tumor, such as that 
seen in the appendix, and sometimes in the 
ileum, and/or it may demonstrate a highly 
malignant metastatic type of course. 

The peculiar phlegmatic nature of carei 
noid differs greatly from = the straightfor 
ward adenocarcinoma, and, of course, the 
prognosis is better, It is generally thought 
that even in that 10% of cases of carcinoid 
of the rectum which result in metastases it 


takes a much longer period for the disease 
to end fatally, and it is the opinion of most 
writers that even in the presence of wide 
spread abdominal metastases a person may 
live for years.® 


Genesis of Carcinoid of Rectum 


In 1910 
theory that carcinoids were the outgrowth 


Toenniessen * advanced the 
of submucosal rests, He suggested that these 
tumors were glands of internal secretion and 
pointed out the similarity between the nests 
of carcinoid cells and the islands of Langer 
hans, Saltykow ® further developed the idea 
that carcinoids were the outgrowth of pan- 
creatic rests, but he contended that only the 
islands of Langerhans would be reproduced 
in the growth of the tumor. Huebschmann 
suggested that carcinoids, because of their 
yellow color, had their origin in the gelben 
Ichrlich’s ® 


hypothesis of origin stated that this type of 


Zellen of the intestinal mucosa. 


tumor arose from Auerbach’s plexus, and 
he called it an immature sympathetic neuro 
Aschoff,? the 
Mucous 


cytoma. In the opinion of 


tumor was a nevus of the mem 
brane, and he pointed out that it might be 
malignant. Danisch offered the theory that 
carcinoids had an origin in the celiac gan 
referred to them as em 


tlion, Primrose 


bryomas. 

In 1933 Raiford® reported that his 
opinion these cells were ectodermal in origin, 
having migrated early in life from the neural 
erypt and having become adapted to a special 
function of forming part of the general 
chromaffin system, 

Clara,” in 1934, demonstrated that these 
basigranular cells are derived in the human 
undifferentiated — intestinal 


embryo from 


epithelium, and, later, Popoff showed evi- 
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dence that their formation continued in 
adult life from secreting glands, 


History and Incidence 

The first case of carcinoid of the rectum 
to appear in the American literature was 
reported by Brunschwig ' in 1933. As late 
as 1942 Stout !! reported only six cases of 
carcinoid of the rectum in the entire medical 
literature. 

Probably the first carcinoid of the ap 
pendix was reported by Merling * in 1836, 
although there was no microscopic evidence 
to substantiate this finding. In 1888 Lu 
barsch ' reported two ileal carcinoids, which 
he called “primary carcinoma,” as being 
different from adenocarcinoma. Tinally, the 
German Qberndorfer'! designated the 
tumor as “carcinoid” in 1907 and deseribed 
it as benign, small, and nonmetastatic. Of 
all neoplastic tumors of the gastrointestinal 
tract, carcinoids form only slightly more 
than 1%. They occur most frequently in the 
terminal ileum, being found a little more 
frequently in the female. The frequency 
of metastases in carcinoids, excluding the 
rectum, has been reported to be as high as 
40%. Pearson and Fitzgerald '*® reported 
two deaths from metastases occurring with 
in two and one-half years from carcinoids 
of the rectum. We know that approximately 
0.5% of all appendices show carcinoid 


tumor. 


Histopathology 


It is established that these tumors arise 
from Kultschitsky cells, which basi 
granular and located at the base of the crypts 
of Lieberkuhn, These enterochrome cells 
were described by Kultschitsky in 1897. 
In Bacon's paper, histologically a caremoid 
tumor is composed of small epithelial cells 
with round or oval nuclei, which have a fine, 
homogeneous stippling of chromatin and a 
very distinet nuclear membrane. The cyto 
plasm is eosinophilic and homogeneous. 
There are small vacuoles and fine, punctate 
granules throughout the cytoplasm. The cell 


Lamphier—Ehrlich 


Section of colon showing few remaining mucosal 
glands) while below the usual architecture is re 
placed by nests of small regular cells with slightly 
hyperchromatic nuclei 


membrane is often indistinet or absent. The 
three cell types are columnar, palisade, and 
polygonal, which form nests, cords, and 
plaques. Often they form rosettes or pseu 
doglands, made up usually of columnar cells. 
A true lumen is not present, but there is a 
homogeneous, hyaline-like eosinophilic glo 
bule in the center of the pseudogland, prob 
ably due to central necrosis, giving the 
pattern the rosette appearance. The solid 
and the pseudogland arrangement may be 
found within the same. section However, 
some carcinoid tumors show a preponderance 
of one type of pattern. In seetions where 
the neoplasm infiltrates the musculature, the 
solid: sheets of cells assume a cord-like ap 
pearance 

The stroma presents a characteristt ap 
pearance of hyperplastic connective tissue 
Masson 


thought that the fibromuscular hyperplasia 


and smooth musele — fibers 


resulted from the action of the tumor cell on 
preexisting muscle and connective tissue 


Bailey *” stated that the argentaffinoma has 


the property of stimulating the production 


big 
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of elastic tissue, a characteristic that is rare 
in tumors. It was recognized by Masson ' 
that carcinoids of the rectum exhibit columns 
of cells which are characteristically narrow 
and interwoven, giving the appearance de 
scribed by Stout |! of carelessly coiled fes 
There cell 
patterns interwoven in the festoons that are 


toons or ribbons. are other 
less outstanding. The histopathologic picture 
is that of an interstitial protoplasmic mass. 
lf the cell architecture exists, it presents a 
small epithelial cell, which may be cuboidal, 
columnar, or polygonal in shape, with a 
faint cell 


distinet nuclear membrane but a 


membrane, 

It is believed that carcinoid grew out of 
the bottom of the gland and the connective 
tissue of its lamina propria. Usually there 
are 5 to 10 cells in each crypt of Lieber 
kuhn, the 
of the erypt. These cells are usually poly 


scattered among mucous cells 
hedral or wedge-shaped, with the base rest 
ing upon the membrane and the apices 
usually not reaching as far as the lumen of 
the crypt. 

It has been stated that there is a similarity 
between the cells of these tumors and the 
cells of the adrenal gland, Stout | demon 
that 


silver 


strated those carcinoids which do not 


take a stain are tumors which are 


derived from the same cells but are in the 


preenterochrome stage, 

If the tumor shows invasion of muscula 
ture, narrowed cords appear. The bright 
color of the surface of the tumor represents 
its cholesterol content. It can be demon 
strated by the use of polarized light’ and 
staming for fat lecithin that the cytoplasm 
This 


differentiates the 


contains cholesterol. 
effect, 


tumor from paraganglioma, The stroma ex 


of  caremoids 


characteristic, 


hibits various degrees of fibromuscular 


hyperplasia. [tis a well-known fact that the 
granules in the base of the cells, or the so- 
cells, are fluorescent and 


called) carcinoid 


give a positive diazo reaction 


Many of these tumors of the rectum do 


not show reduction of silver salts, a finding 


which is explained on the basis that these 
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tumors are derived from the preentero 
chrome cells of Erspamer and do not con- 
tain enteramine, the substance responsible 


for silver reduction. 


Pathology 

These tumors in the rectum are discrete, 
comparatively small, freely movable, and 
just beneath the mucosa. They are uni 
formly yellow, and their cut surfaces are 
smooth. Carcinoids may be single or mul 
tiple. It is difficult to forecast a malignant 
potential of the tumor from the histologic 
picture per se. The tumor, of course, is of 
clinical interest because of its uncertain 
growth, 

Metastases of carcinoid of the rectum are 
(1) direet, (2) lymph-borne, (3) blood 
borne, and (4) perineural. They involve, in 
order, the liver, mesenteric glands, vertebrae, 
adrenals, pancreas, lungs, and brain. When 
carcinoids occur in the rectum, they are 
usually on the anterior lower wall of the 
rectum 2 to 8 cm, from the dentate line, 
but may appear as high as 24 cm. They are 
hard, 
They rarely involve the mucosa, 


circumscribed, discrete, and sub 
mucosal, 
although there have been known cases in 
which carcinoids have caused relative ob- 
structions, either as an annular or as a pro 
liferative intraluminal mass. 

Careinoids occur wherever chromaffin tis 
sue appears. Rosser *! holds that the origin 
of carcinoid is neurocrine, and he designates 
this tumor as one that may or may not re 
duce silver salts, and which may be benign 
or malignant, such as a neurocrine tumor. 

Of all surgical resected specimens, the in 
is O.O1%. It is 


most frequently in the terminal ileum and 


cidence of carcinoid seen 
appendix and less often in the rectum. 
These argentaffinomas of the rectum com 
prise about 2% of all types of submucosal 
nodules. The mucous membrane is usually 
the 
that only those tumors larger than 2 


intact over nodule. Mrazek claims 


cm. 
metastasize. It must be remembered that 
only 10% of these malignant tumors show 


widespread metastases to liver, pancreas, 
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ovaries, pelvis, and retroperitoneal lymph 


nodes 


Physiology of Serotonin 


Mattingly ** has aptly described the carci- 
noid as a new clinical entity. It has been 
known simply as a tumor that may or may 
not become malignant, from the time of its 
first deseription by Lubarsch,’ in 1888, as 
1953, when 
autopsy 


an atypical carcinoma, until 
Lembeck ** 


amounts of 


isolated at large 
5-hydroxytryptamine from a 
carcinoid tumor. This substance was further 
identified as being identical with a vaso 
active material called enteramine by Ers- 
pamer *° and serotonin by Rapport.2® This 
factor, derived from enterochromaffin tissue, 
has a definite effect on (1) smooth muscle 
and (2) blood vessels and produces broncho- 
constriction. History has shown that these 
patients develop cardiac disease, i. €., lesions 
of (a) the pulmonary and (>) the tricuspid 
Vasomotor phenomena of the skin 
Mattingly ** 


valves. 
are characteristic 


describes “certain carcinoid tumors are truly 


symptoms. 


functioning tumors with secretory cells 
similar to the pheochromocytomas of the 
adrenal gland and islet cell tumors of the 
The large amounts of serotonin 
the 


5-hydroxyindoleacetic 


pancreas.” 


cause excretion in urine of large 


amounts — of acid. 
Tryptophan metabolism is disturbed, as this 
acid is a breakdown product of 5-hydroxy 
tryptamine, 
Ienterochromattin cells of the gastroin 
testinal tract produce serotonin from tryp 


We know 


the normal amount of serotonin in the blood 


tophan, an essential amino acid. 


and the metabolite of serotonin, 5-hydroxy 
indoleacetic acid, in the urine. When large 


amounts of this essential amino acid 
(tryptophan) are used up, a deficiency state, 
with attendant weight loss, muscle wasting, 
Until May, 1956, there had 


this 


results. 
been reported 21 bonafide Cases of 
malignant carcinoid, most of which origi 
nated in the small bowel (ileum). lor some 
unknown reason, the right side of the heart 
is affected, producing usually insufficiency 
by fibrosis of the valves and tendinous cords, 


Lamphier—Fhrlich 


Stenosis of the pulmonary valve produces 
right ventricular hypertrophy. 

Skin symptoms are the result of dilated 
capillaries and venules. Hypermotility of 
the bowel results in diarrhea and abdominal 
pain, Serum proteins are low. 

The most characteristic lesion is “paroxys 
mal or persistent erythematous flushing 
of the skin predominantly of the face and 
neck. It may be very temporary or last for 
During attacks, palpitation, tachy 
25 


days. 
cardia and dizziness aré common.’ 


The clinical features of this syndrome 


are (1) gastrointestinal symptoms (ab 
dominal pain and distress); (2) diarrhea ; 
(3) weakness—-weight loss and muscle 


atrophy; (4) paroxysmal flushing of skin 
(recurrent); (5) right-sided valvular heart 
lesions (pulmonary or tricuspid stenosis), 
and (6) the liver of 
hepatomegaly and right-sided pelvic masses. 


nodular masses in 


To quote Sjoerdsma,** “emotional dis 
turbaneces, physical exertion and... manipu 
lation of tumor were the most consistent 


factors in precipitation of flushes. Produc- 
tion of serotonin is analogous to production 
of epinephrine and nor-epinephrine by pheo 
chromocytomas.” 

He claims that in this syndrome as much 
as 600 of the daily intake of tryptophan 
may be diverted by the tumor into the sero 
tonin pathway, leaving less of the amino 
acid available for production of nicotinic 
acd. U. S. P 


cardiac lesion occurs, there are liver metas 


and protein. Whenever a 


tases. The liver, ordinarily capable of de 


stroying serotonin, is effect secreting 
serotonin, 

Sjoerdsma ** argues that the marked al 
teration of tryptophan metabolism, with its 
attendant reduction of nicotinic acid and 
protein in the body, is a contributing factor 


in the pathogenesis of this syndrome 


Report of Cases 
A total of six patients were seen in this 
study and treated for carcinoid of the ree 
tum. In this total there were two deaths 
These two cases will be described in detail 


/ 
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Case | 


\ 55-year-old white woman was first 
admitted to the hospital on May 5, 1951, and dis- 
charged on May 27, 1951. Her chief complaint 
was intermittent bouts of rectal bleeding of one 
and one-half years’ duration. Rectal examination 
revealed a hard mass on the posterior rectal wall 
biopsy of which was reported as carcinoid of the 


rectum 


Laparotomy demonstrated what 


was 
thought to be a frozen mass associated with in 
volvement of many regional lymph nodes. The 


sigmoid colon was divided, the distal end turned in, 
and the proximal loop brought out through the 
anterior abdominal wall as a permanent colostomy 


Unfortunately, the surgeon made no attempt to 


remove the tumor mass at this time. The patient 


was seen by others during the early 


blood 
was readmitted to the hospital Aug 
She 


Stages 
To replace bleeding, the 
Ji, 


was 


lost by rectal 
patient 
1951, and given multiple transfusions 


11, 1951 
\ third hospital 


discharged Sept 


admission in January, 1952, 
was made to carry out multiple blood transfusions, 


again to replace blood loss 


A fourth hospital admission in July, 1952, was 
necessitated for whole-blood replacement, and at 
this time one of us was called in for consultation 
He recommended resection of the rectal mass, and 
the procedure was carried out in early 
1952 


August, 
During the immediate postoperative period 
the patient did well. The mass removed was de- 
seribed as the size of a large grapefruit 

A final hospital admission in February, 1953, was 
necessitated because the patient complained of in 
creasing discomfort in the pelvic area, associated 
Her 
course in the hospital was progressively downhill, 
and she died five weeks later, of terminal bilateral 
bronchopneumonia 


with low backaches and difficulty in voiding 


Unfortunately, the patient was not subjected to 
radical resection when the tumor was first detected 
This 


seen in May, 1953, because of wheezing respiration 


Case 2 56-year-old white man was first 


of one week's duration. Complete examination re- 
(blood pressure 
230/130), and om rectal examination a firm nodule 
(7.5 


Sigmoidoscopy demonstrated 


vealed asthma and hypertension 


on the anterior rectal wall was palpated 3 in 
em.) from the anus 
two other submucosal nodules just proximal to the 
one described, and they were thought to be sub 
the 


“adeno 


mucosal fibromata 


Biopsy of the lowest of 


three lesions was reported as showing 


carcinoma of large 
22, 1953, a Miles 


was carried out 


intestine Grade 2-3." On June 


(abdominoperineal) resection 


Pathological study of the resected 
specimen showed the lesion to be a carcinoid and 


the other two submucosal nodules to be metastatic 


areas or lymph nodes containing tumor, Post- 


operatively, the patient did well 
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Even though the preoperative diagnosis was in 
correct, radical surgery was the procedure of 
choice, in view of the regional metastases 

Of the remaining four patients, two were 
men and two women, The ages of the men 
were 42 and 45 those of the 
women 38 and 41 years, respectively. In 
each of these 


years, and 
four cases the tumors were 
discovered on routine sigmoidoscopy and 
The 
the first, 2 
cm, on the anterior rectal wall above the anal 
canal; the second, 0.5 cm. above the muco 
cutaneous junction; the third, 4 em. above 
the anorectal line on the anterior wall, and 


digital examination of the rectum. 
tumors were located as follows: 


the last 5 cm, above the anorectal line. 

In all instances, the tumors were removed 
with a biopsy punch, Frequent examinations 
have been carried out now over a period of 
five to six years, and there has been no evi 
dence of all instances the 
mucosa was found to be intact. 


recurrence, In 
In one of 
these moderate 
desmoplasia, and in this particular instance 
the tumor appeared to extend to the line of 
resection of the specimen, although now, for 


tumors there was found 


six years, there has been no evidence of re- 
currence of the tumor. 


Treatment 


Combined abdominoperineal, or Miles, re 
section of the rectum is a procedure of choice 
when (1) the tumor is large and cannot be 
completely excised locally, (2) when the 
tumor is fixed to perirectal tissues, (3) when 
the tumor is recurrent, or (4) when it is an 
annular constrictive lesion, Most of the pa 
tients who have had large malignant rectal 
carcinoids have gone rapidly downhill, and 
the prognosis 1s extremely poor. 

Probably one of the best ways of remoy 
ing this submucosal nodule is making use of 
an clectrocoagulating snare to ensure that 
the tumor is completely removed, and that 
any residual is thoroughly destroyed. Nor 
ton ** believes that at the time of biopsy the 
entire lesion should be extirpated, 

Local excision is in order if the lesion is 
less than 2 cm, in diameter. If larger, radical 
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excision is in order. A small primary caret 
noid may be the source of distant widespread 
metastases. Every carcinoid must be re 
garded as a neoplasm of potential malig 
nancy. 

Ixtension of the tumor into the muscu 
laris or the serosa is a definite indication of 
malignancy even if the cells are uniform 
and well differentiated. While these tumors 
lack a definite pattern, the usual method of 
spread from the rectum is via the lymphatics, 
and then metastasis by way of the portal 
system, X-ray therapy is of no benefit in 
these tumors 


Summary 


1. Caremoid tumors of the rectum are 
usually asymptomatic and are found on 
routine examination, situated more fre 
quently on the anterior wall, as small, hard, 
nodules, with free 


discrete, submucosal 


MUCOSA 

2. They are slow-growing and of more 
characteristically benign nature. However, 
one must bear in mind that there have been 
reported in this series cases of local and 
distant metastases. 

3. Reetal carcinoids occur usually in an 
age group of 40 and above, but may occur 
age. Metastases 
usually occur at the age of 50 and older. 


at any from carcinoids 


4. It is urged that in all physical examina 
lions a proctosigmoidoscopy be carried out. 
(15) 
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Traumatic Diaphragmatic Hernia 


Traumatic rupture of the diaphragm 1s 
a condition which has assumed greatly in- 
the 
roentgen diagnosis 


creased clinical significance in past 


quarter-century, when 
and improved anesthetic and surgical tech 
niques have made treatment successful with 
some degree of regularity. Despite ad 
vances, there are still diagnostic pitfalls, 
and the associated phenomena of medias 
tinal shift, intestinal obstruction or strangu 
lation, and perforated yviscus may tax the 
ingenuity and skill of the surgeon. 

In this day of high-speed automobile 
accidents, with patients receiving multiple 
injuries, one is apt to become concerned 
with conditions obscuring the diaphragmatic 
injury. Careful attention to physical signs 
in such cases will often give the clues which 
lead to the proper diagnosis. Gibson,* in 
1929, called attention 


to six signs which can establish the diag 


a concise report in 
nosis of diaphragmatic hernia with strangu 
lated (1) 
excursion of on 


These diminished 
the the affected 
side, due in part at least to loss of diaphrag 


bowel. are 


thorax 


matic action; (2) impairment of resonance; 


(3) absence of Litten’s diaphragmatic phe 


nomenon; (4) adventitious sounds the 
chest; (5) cardiac displacement, and (6) 
circulatory collapse. Also mentioned are 


cyanosis, dyspnea, and asymmetry of the 


hypochondrium, as less frequent signs. 
Roentgen diagnosis is dealt with by Carter 
et al.,? with the cardinal signs listed as (1) 
arch-like shadow, resembling an abnormally 
high diaphragm; (2) extraneous shadows, 
(3) 


shift of the heart and mediastinum, and (4) 
plate-like the 


either dense or gaseous, in the chest; 


atelectasis above injured 
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the 


diaphragm. Barium studies are, of course, 
helpful in obscure cases, particularly those 
with delayed symptoms. Numerous authors 
comment on the frequently delayed onset 
of the 
may be so remote that only careful question 


symptoms.'*® Indeed, the injury 
ing brings it out after the diagnosis has 
been established. 

Injury may be due to penetrating wounds 
In collected cases, 
Hedblom* found 526 due to penetrating 
Ob 


viously, this percentage will change under 


or indirect trauma 
injuries and 48 to indirect violence 


wartime conditions, in) rural communities, 
and as the result of other variables. Ninety 
five per cent of Hedblom's * collected cases 
involved the left diaphragm, and Harring 
ton® found the right side torn in only 1 
of his 58 cases. 

emergency treatment is mandatory for 


’ obstrue 


complications such as hemorrhage," 
tion, strangulation, or mediastinal shift.) 
In the absence of such complications, delay 
is advisable only if associated conditions 
make the patient a poor surgical candidate 
Most authors prefer the thoracic approach 
with imbrieation of the torn diaphragm, 
although Harrington ®® uses an abdominal 
incision, except in the case of right-sided 
rupture 


Material 


At the Rhode Island Hospital, traumatic 
rupture of the diaphragm has been a rare 
condition. A case operated on by one of 
us led to a search of hospital records for 
past six years. Only six other cases 
were found in a general hospital averaging 
about 15,800 admissions a year, or an inci 
dence of approximately 1 case for each 
13,550 Three were 
penetrating injuries and four to 


admissions, due to 


indirect 
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trauma. Three of the latter group 
irom automobile injuries, and the cause 
in the fourth is unknown (Case 4). In 
all but 


between detection of signs in the chest and 


were 


one case there was a_ delay 
the establishment of the true diagnosis. This 
delay varied from 24 hours to several years 
and in all but one instance led to a marked 
deterioration in the patient's condition, and 
to one death. A perusal of our material 


leads to the inescapable conclusion that in 


every case of traumatic hemothorax or ap 


parent hemopneumothorax, no matter how 


trivial, the question of whether there is 
diaphragmatic injury must be kept in mind. 
If one can become accustomed to looking 
for this unusual condition, much grief can 
be avoided 

Three of the patients who survived were 
not operated upon until they had become 
While it is that 


desperately ill. realized 


bigs | and 2 ase 1) 
was interpreted 
found at operation 


Films immediately after mjury and several hours later 
an eventration of the diaphragm rather than intrathoracic 
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attempts must be made to bring the patient 
into a reasonable preoperative status, the 
continued decline of the patient, even to 
shock levels, in the face of adequate sup 
portive measures must not preclude sur- 
gery, as has happened in the past.” In 
some instances, shock itself can only be 
reversed by restoring the normal relation- 
ships in the chest (Case 7). As we have 
also seen in spontaneous perforation of the 
esophagus, the rapid opening of the chest 
and surgical relief of the fundamental diffi 
culty will result in prompt return of vital 
signs to normal limits. 

A brief summary of each case seems war 
ranted, for the problems were varied and 


each teaches a lesson 


Report of Cases 


1 \ 
to the hospital on 


white boy was admitted 


April 13, 1949, a few 


9-vear-old 


Figure 
stomach, as 


ey 
: 
¥ 
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after he fell on a tree branch, which perforated 
lus left chest anterolaterally in the eighth inter- 


space. A chest was taken and interpreted 


X-ray 


as normal, although “a slight blurring of the left 
dome of the diaphragm” was noted (Fig. 1). The 
was debrided and partially closed. 
after this, 
chronous with respiration, could be heard, and a 


chest wound 


Immediately a swishing sound, syn- 


repeat chest x-ray was interpreted as showing a 
high diaphragm with a fluid level below (Fig. 2) 
This 


spite of blood transfusions and repeated aspirations 


was actually an intrathoracic stomach. In 


of moderate amounts of blood and air from the 
left chest cavity, the patient's condition deteriorated 
His blood pressure was maintained at all times, but 
dyspnea. increased to a rate of 40 shallow respira- 
tions per minute and the pulse to 180 per minute 
Nineteen hours after admission the left chest was 
laceration of the diaphragm 


with a 2 em 


opened and a 5 cm 
intrathoracic 
The 
stomach was closed and reduced and the diaphragm 
No. 16 


except 


found. The stomach, 


perforation, plugged the diaphragmatic rent 
repaired by overlapping the edges with 


cotton sutures Recovery was uneventful 


for a few days of fever 
Comment 
was instituted early, but not before the pa 


In this case, proper therapy 


tient’s condition had become precarious. It 
seems obvious that any further delay in 
surgery fatal, and the 
prompt recovery speaks for the efficacy of 


would have been 
sugery, even in the face of per fe rated viscus 
and impending shock. 

Case 2.—A man 
the hospital on Dec. 2, 1949, shortly after he had 


26-year-old was admitted to 


been stabbed three times in the left anterolateral 
portion of the chest with a 4-inch-long pair of 
scissors. His blood pressure was 50/0, and he had 
During 


she wk, 


whole blood and 500 e« 


severe left chest and upper abdominal pain 


the next three hours he recovered from 


while receiving 500 ec, of 
The chest 
\ presumptive diagnosis of perfo 


of plasma x-ray showed a hazy density 
at the left base 
rated diaphragm and perforated viscus was made 
I x ploration was carried out three and a half hours 
after admission through a thoracoabdominal inci 
sion. There were two lacerations of the diaphragm, 
in diameter and plugged 
ce. of 
lung, and intra-ab 


After 


of the injuries, the patient ran a low fever for two 


the largest being 1.5 em 


with omentum. Other findings were 


blood in the chest, lacerated 


dominal perforation of the stomach repair 
weeks. He was discharged on the 16th postoperative 
day and suffered no sequelae during the year he 
was followed 

Comment.—-In this instance, the proper 


diagnosis was made early, and the resulting 


Perry etal 


prompt treatment was followed by rapid 


recovery. 
A 29-year-old white woman was ad 
1950, with a 


Case 3 
mitted to the hospital on Oct. 12, 
self-inflicted stab wound in the left fifth intercostal 
Within a few shock 

The chest showed evi 
of blood 
She was given 
20-day 


hospitalization, repeated chest films always appeared 


space anteriorly hours ancl 


dyspnea developed x-ray 
dence of hemopneumothorax, and 900 cc 
was removed, with prompt relief 
stabilized. During her 


a transfusion and 


to show haziness at the left base and an elevated 
diaphragm. However, only a few cubic centimeters 
of blood could be obtained by thoracenteses 

For nearly 10 months she had repeated episodes 


of indigestion, thought to be on a psychosomatic 


basis. She then developed two days of severe 
vomiting, but was not brought to the hospital until 
she was moribund. She lived only tive minutes 


after entry. Postmortem examination revealed that 
there was a 5 cm. defect in the left diaphragm, the 
mediastinum was far to the right, and in the left 
were transverse colon, 


2000 ol 
four montis’ 


pleural cavity 


gangrenous, perforated stomach, and 


coffee-grounds fluid) She was about 
pregnant 


Comment.—-\t 1s the 


regrettable that 
roentgenograms Of this case have been de 
stroyed, One would like to see what clues 
there might be pointing to ruptured dia 
phragm. This case is a typical example 
of the possible seriousness of the situation 
in the event of missed diagnosis. The lesson 
is clear that, in any case of continued x-ray 
density in one of the lower lung fields, 


barium studies are indicated if there ts 


even an outside possibility of perforated 
diaphragm. We are glad to be able to report 
that one of the house officers who cared for 
this patient profited from the experience 
Now in practice in another city, he encoun 
tered a similar case of self-inflicted) stab 
wound and insisted on proper diagnosti 
studies and operation, which revealed a rup 
tured diaphragm 

4.—A man was admitted 
to the hospital on March 2, 1951, for 


Multiple rib 


56-year-old white 
removal of 
fractures eight 


a testicular tumor 


years previously had left him with exertional 
dyspnea. For one year he had had substernal, ex 

ertional anginal attacks Phe report of a pre 
operative chest roentgenogram stated: “There is 


fibroti appearing density of the lower three-fourths 
of the left lung field, which appears to be due to 


pulmonary fibrosis and pleural thickening. The 
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Fig. 3 (Case 4).—Intrathoracic omentum and 
large bowel eight years after diaphragmatic injury. 


The left 
dome of the diaphragm is elevated and irregular, 
(Fig, 3). Old 
‘The patient underwent a right orchiectomy 


heart is retracted slightly to the left 


due to adhesions” fractures were 
noted 
and within a few hours died, after suffering severe 
substernal pain. Postmortem examination showed 
an acute anterior myocardial infarction as the cause 
of death, and imeidental findings of metastases in 
lymph nodes from seminoma of the testis and a 
defect 6 cm. in 


traumatic left diaphragmatic 


diameter. Through it herniated the splenic flexure 


and descending colon, with most of the great 


omentum 
Comment.-Hindsight is better than fore 
sight. Review of the x-ray (hig. 3) shows 
obscuring of the left diaphragm and radi 
olucent areas that are not easily explained. 
In this instance, discovery and repair of the 
hermia might have prevented several years 
of exertional dyspnea, although the eventual 
outcome would not have been influenced. 
Caspr 5A 58-year-old white man was admitted 
in 1951, three months after an automobile accident, 
for which he had been hospitalized elsewhere for 


fractured mbs. After discharge, he had an hema 


temesis, and an x-ray diagnosis of diaphragmatic 
Atter 


tional dyspnea, fullness after eating, and abdominal 


hermia was made several weeks of exer 


“grumbling,” he finally consented to surgery and 
was admitted to the Rhode Island Hospital on May 
9 1951 The (Fig. 4) 


preoperative chest) X-ray 


700 


M. A. ARCHIVES OF SURGER) 


Fig. 4 (Case 5).—Intrathoracic stomach 
months following injury 


three 


revealed the stomach with an air-fluid level in the 
lower left shift to the 
right, and healed fractures of the ribs five through 
nine on the left 


chest, slight mediastinal 


At transthoracic operation, a 6-in, defect in the 


diaphragm was found, admitting the entire 
stomach, great omentum, midtransverse colon, and 
spleen into the left chest cavity. Reduction was 


easy. Repair was accomplished by overlapping 
the diaphragmatic edges with No. 30 cotton sutures 
Recovery was uneventful and permanent 
Comment._-This patient ran a more be 
nign course than some of the others in the 


series. As a result, the delay in diagnosis, 


and his own unwillingness to accept surgery 


at first, led to no serious consequences, 
Caste 6.—A 60-year-old white woman was hos 
April 25, 1952, 


struck by an automobile 


pitalized on shortly after being 
Physical examination and 
roentgenograms revealed severe head injury, frac 
tured both 


The chest was clear to per 


pelvis, and comminuted fractures of 
bones of the left leg 
cussion and auscultation. Severe dyspnea developed 
on the fourth day, and a chest x-ray (Fig. 5) re 
vealed the entire left hemithorax to be obscured by 
homogeneous density. For the next 18 days, re 
peated thoracenteses produced up to 500 ce. of 
blood, and later blood-tinged fluid, without much 
On the 22d day, 
she went into shock after an hematemesis. Fifteen 
hundred fluid was removed 


Levin tube, and 400 cc 


effect on the patient's condition 


cubic centimeters of 


from the stomach by was 
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Figs. 5 and 6 (Case 6) 
ruptured diaphragm (Fig. 5). Figure 
aspirated from the left pleural cavity. ‘This stabil 
ized the patient. On the 38th day 


the stomach in the left chest, and this finding was 


an x-ray revealed 


checked by barium studies (Fig. 6). Surgery was 
delayed until the patient might be in better condi 
tion, but on the 44th day her temperature rose to 
39.7 © (103.5 F) by rectum and her blood pressure 
fell. Closed 1500 ec. of 


straw-colored fluid, and barium by mouth was seen 


thoracotomy produced 


in the pleural cavity. On the 45th day, through an 
abdominal incision, the stomach was reduced and a 
perforation sutured, Owing to the precarious state 
of the patient, the diaphragm was not repaired 
\fter a complicated postoperative course, including 
drainage of a left empyema, the patient was dis 
charged, on the 112th hospital day 

Four years later, she was readmitted with what 
abdominal carcino 


X-ray 


showed a small loop of splenic flexure of the colon 


proved at exploration to be 


matosis with an enormous liver studies 


in the left chest. It had apparently not been causing 
symptoms 
Comment..-There was a long delay in 
diagnosis in this case, and it nearly cost 
the patient her life. The continued gastric 
difficulties plus density at the left base might 
barium studies if the 


have led to. earlier 


patient had not been in 


straits from her compound fractures and 


severe head injury. Similarly, the delay in 


Pers ta 


Chest on fourth day 
6, taken 


34 days later 


such desperate 


injury, with no specific signs of 


The barium is in the stomach 


alter 


after the diagnosis was 
made seems to us to be well warranted, in 


When 


perforation of the stomach finally oceurred, 


surgery proper 


view of the patient’s poor status 


she received prompt surgery, and the case 
again illustrates that even the sickest patient 
may be saved by correcting the mechanical 
abnormalities 

The surgeon's judgment in not attempting 
to repair the diaphragm was vindicated by 
the outcome. With a barely living patient, 
the trauma involved in retracting organs to 
difficult 
might be just enough to cause a fatal out 


undertake a transabdominal repai 


come. In view of the potential disasters, as 


illustrated by Case 3, we would favor an 


interval repair, however 
Case 7 \ 


the hospital on 


52-year-old) man was admitted to 


lune 1, 1956, shortly after being 


crushed between a car and a building The left 


leg was hanging by shreds of tissue, and there w: 


a compound fracture-dislocation of the right ankle 


rhere were crepitation over the right lower an 


terior chest and spasm of the upper abdomen. The 


patient had a rapid pulse, but was not in shock 


Amputation was carried out and the ankle set on 


the day of admission. The following day an x-ray 


howed haziness at the base of the right lung, where 


there was ihsence of breath sounds posteriorly 


a 
a x atte, 
— 


Figs. 7 and & (Case 7) 
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X-rays seven (Fig. 7) and nine (Fig. 8) days after injury 


Phe colon has passed into the chest in the interval between the two films 


During the next week this condition persisted (Fig 


7), in spite of repeated thoracenteses, producing 
omy blood, The temperature 
stayed at about 38.3 © (100.94 F), but on the whole 


the patient was doing well 


small amounts of 
On the eighth hospital 
day, he developed acute respiratory distress, and 
the pulse rose from &2 to 130 a minute. The chest 
was aspirated, and only 250 cc. of blood was ob- 
tained, although a repeat x-ray was interpreted as 
showing an increase of fluid and air, possibly intro 
duced by the thoracenteses (Fig. 8). A diagnosis 
of pulmonary infarct was made. During the next 
36 hours the patient's condition declined precipit 
ously. The pulse rate continued at 130. Respira 
tions rose to 48, and it looked as if the patient was 
anterior 
then 


We saw the patient at this time, and, as all 


going to die, At this point, a right 
thoracentesis produced 400 cc. of air and 
feces 
supportive measures were failing, the patient was 
taken immediately to the operating room. During 
nitrous oxide and thi 


blood 


The chest was opened 


endotracheal 
amylal CSurital) anesthesia, the 
fell from 110/80 to 65/55 
rapidly and the 


mduction of 


pressure 


liver and distended right colon 


removed from the right chest. The blood pressure 


promptly rose to 115/90. The diaphragm had been 


avulsed from the chest wall from the midline 


anteriorly around to the posterior axillary line 
Closure was accomplished under tension. As the 
hold, stab 


wounds were made through the skin down to the 


endothoracic fascia would not three 


costal margin. The diaphragm was then secured 
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to the chest 


wall by No. 4 silk 


passed through the costal margin and back again 


mattress sutures 


Laterally, a few sutures were 
Interrupted No. 1. silk 
sutures were used to bring the intervening areas 


to the diaphragm. 


passed around the ribs. 


of diaphragm to the endothoracic fascia. Recovery 
has been slow but complete. Gastrointestinal series 
and barium enema three months later showed no 
bowel in the chest, and the diaphragm was ap- 
parently intact. 

Comment..-The patient did not become 
acutely ill until the eighth day after injury, 
when the colon and liver passed into the 
right chest. Proper interpretation of the 
chest films at this time would have given 
the correct diagnosis, before the patient's 
condition declined further. This case ts 
another example of the favorable results 
obtained by replacing the abdominal organs 
when the patient would not ordinarily be 
considered able to withstand evewa minimal 
surgery. 

The method of bringing the avulsed dia 
phragm to the chest wall we have not found 
previously described. The alternative would 


have been the more shocking procedure of 


a limited thoracoplasty. 


Nev., 
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Perforated 


Complications Viscus 


General Comment 

The seven preceding cases of traumatic 
rupture of the diaphragm include four cases 
of perforation of a viscus and three cases 
of strangulation of bowel or stomach with 
shift. In 
blood loss in some up to 800 ce, (Table). 


mediastinal addition, there was 
These complications may occur early or late 
in the postoperative period. It is therefore 
evident that, unlike esophageal hiatus hernia, 
in Which certain cases may be treated con 
servatively, in this condition the chance of 
sudden disaster is always present and opera 
tive repair is the treatment of choice. 

Inasmuch as delay in operation may lead 
to trouble at any time, the patient should 
be prepared for early surgery, If it is im 
possible to achieve a favorable preoperative 
status, surgery should be undertaken even 
in the face of shock, for relief of the me 
chanical difficulty in the chest is sometimes 
the only thing that will stabilize the patient 
(Cases 1, 6, and 7) 

Transthoracic approach seems to be the 
most useful, although the choice of an ab 
dominal incision is certainly not wrong in 
some cases of left-sided rupture (Case 6). 
We feel that the phrenic nerve should not 
be crushed, although crushing did no ap 
parent harm the one time it was performed 
(Case 5). We agree with Chamberlain and 
lord® that the procedure is not necessary 
that a functioning diaphragm is of 
great benefit in helping to clear secretions, 


and 


a constant problem in chest injury. In Case 


7, the most difficult in which to close the 
diaphragmatic defect, the nerve was not 


crushed and the repair held. 
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Complications Traumatic 


Strangulated 
Viseus 


X Indicates complication in first 10 days; M, complication after first month 


Hernia 


Diaphragmaty 


Hemorrhage 


Mediastinal 
over 800 Ce 


Shift 


Conclusions 

1. Traumatic rupture of the diaphragm 
is a rare injury, important because of the 
frequency of early and late complications 
shift, 
perforation of 


of mediastinal hemorrhage, and 


strangulation hollow 
viscera. 

2. The diagnosis must be considered in 
cases of direct or indirect violence to the 
thorax and/or abdomen when signs at the 
lung bases do not clear on conservative 
therapy. Barium studies are indicated in 
such cases. 

3. Operation is the treatment of choice 

4. Immediate surgery is mandatory in 
those cases not responding to conservative 
measures, even though the patient's condi 
tion would ordinarily preclude operation 


154 Waterman St. (6) 
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Complications of Translumbar Aortography 


Related to Site of Injection 


JAMES M. STOKES, M.D., and HARVEY R. BUTCHER Jr., M.D., St. Louis 


Aortography often is required to locate 
accurately and define the extent of occlu 
This 


study was undertaken to determine the fre- 


sions of the aorta and its branches. 


quency and severity of the complications of 
translumbar aortography in the Barnes Hos- 
pital with a view toward devising methods 
of reducing their frequency. 


Technique 


Pentobarbital sodium, 0.09 and 
0.0004 were 
1954, 
formed while the patients were anesthetized with 
(Pentothal) Since 
local anesthesia (1% procaine hydrochloride) has 


A 17 


into the aorta above the renal arteries 


gm., atropine, 


administered as premedication 
During a total of 26 aortograms were per 


thiopental sodium then, only 
17-gage needle was introduced 


After 


a polyethylene catheter, the 


heen used 
con 
necting the needle to 
contrast medium, 50% sodium acetrizoate (Urokon 
soxlium), was injected through the tubing by a 
manually controlled syringe pump. Electrical con 


tact between the lever arm of the syringe pump 


and the roentgenograph allowed the roentgenogram 
to be predetermined 


exposed automatically at a 


volume during the injection phase. A kymograph 


recorded the duration of injection and time. of 


exposure ol the roentgenogram (seven to mine 


seconds). Arteriograms of the vessels of the lower 
extremity were obtained by exposing a second film 
In a& protected cassette two to three seconds after 


the aortogram 


Complications 
112 


patients by the surgical staff or house staff 
jarnes Hospital from 1953 to 1956. 


All 


Aortography was) performed upon 


of the 
Complications occurred in 12 patients. 


Submitted for publication April 11, 1957 
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Complications of Aortography in 112 
Patients 


TABLE 1 


Complication Number 
Extravasation 

Intramural injection 

Renal 

Visceral and others 

Deaths 


Total 12 (10.7%) 


complications were related to faulty place 
ment of the injection and are summarized 
in Table 1, 


The major complications of translumbar 


There were no fatalities. 


aortography are (1) intramural injection of 
the contrast material, (2) periaortic extra 
(3) 
branches, (4) renal injury, (5) spinal cord 
Selected 
illustrate 


vasation, injection Of aortic visceral 


damage, and (6) hemorrhage. 


abstracts and roentgenograms to 
the complications occurring in this series are 
presented, with a brief discussion of their 
frequency and sequelae (Table 2). 
Intramural Injection..-The contrast me 
dium was injected intramurally (Pig. 1) in 
both of 


short-lived pain in the back and chest. The 


two persons, whom experienced 
associated mild peripheral circulatory col 
lapse responded immediately to treatment. 
The effect of the 
medium differentiates the intramural posi 


double-linear contrast 
tion of the dye from its periaortic extra 
vasation (Tig. 2). Thrombosis of the aorta 
following intramural injection of a contrast 
medium, though conceivable, has yet to be 
reported. 

Periaortic Extravasation.—Veriaortic ex 
travasation (Tig. 2) occurred six pa 
None 


Was 


tients having  aortography. had 


serious complications. Pain relieved 


by analgesics and by local infiltrations of 


1 procaine hydrochloride. The aorto 


= 

ie 

: 
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TRANSLUMBAR AORTOGRAPHY 


TABLE 2.- 


Total 


Author Aortograms 


Renal 


McAfee and Wil!son | 
Crawford 

Menendez and 
Larsson 

Miller +* 

Tarazi':* 

Cuves*¢* 


Total 


* Only renal complications were reported in this series 
+ Seven of the nine deaths followed renal injury 


grams showing —_ extravasation were 


technically unsatisfactory. Periaortic ex 


travasation is usually reported in about 


15% of patients undergoing aortography. 


However, in 706 aortograms, Loose! found 
only 20 (2%) unsatisfactory because of 
extravasation or intramural injection. Ex 


CASE 


A 52-year-old woman had back pain 
associated 


with small femoral pulses. During 
aortography the patient experienced severe chest 
pain with radiation to the lower extremities, which 
subsided within five minutes. Convalescence was 
uneventful. The roentgenogram illustrates the in 
tramural position of the dye 


Fig. 1 


Intramural injection 


Stokes—RButcher 


Bleeding 


Complications of Aortography 


Complications 


Extrava- 
sation 


Neuro- Other 


logical 


Potal Deaths 


0 
0 
0 
0 


Sts 


vt 
(0.8%) 


travasation in itself has not proved a dan 


gerous complication. Nevertheless, injection 

of a contrast medium should be discontinued 

if the patient experiences severe pain, 
Injection of Visceral Branches of the 


Aorta In two patients most of the con 


trast medium was injected into a major 


Case 2.—A_ 49-year-old woman had reduced 
femoral pulses and intermittent claudication of the 
legs. During aortography the patient moved sud 
denly and complained of severe back pain. The 
pain was relieved by meperedine (Demerol), 75 mg 
submuscularly. The patient had no further dith 
culty. The roentgenogram shows both intramural 
lye and periaortic extravasation 

Fig. 2 


Periaortic extravasation 
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Fig. 3.—Injection of hepatic artery 

Case 52-year-old woman had_ bilateral 
progressive intermittent claudication of the lower 
extremities and barely palpable femoral pulses 
During aortography the patient experienced 
momentary chest pain and dyspnea, Roentgeno- 
grams showed intramural injection of the contrast 
material, At a second attempt, the aortogram 
showed injection of the hepatic artery. The patient 
suffered no ill effects 


visceral branch of the aorta, without serious 


consequences, In one the hepatic artery 


(lig. 3), and in the other the superior 


mesenteric artery (lig. 4), was injected. 
Occasionally, however, fatalities following 
injection of the celiac axis or the superior 
mesenteric artery oceur.**  QOsius*  de- 
scribed the development of necrosis of the 
sigmoid colon, necessitating abdominoperi 
neal resection, after injection of contrast 
medium into the inferior mesenteric artery. 
In a similar case, Lord® found an edema 
tous, pale descending colon during laparot 
omy in a patient who had bloody diarrhea 
following injection of the inferior mesen- 
teric artery. The patient recovered without 
resection. Though a thrombus occasionally 
has been demonstrated in the affected ves 
sel,* necrosis of the perfused tissue may 
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Fig. 4.—Injection of superior mesenteric artery 

Case 4.—A 59-year-old woman with bilateral 
progressive claudication of the legs and reduced 
peripheral pulses was admitted for translumbar 
aortography. The roentgenogram shows injection 
of the superior mesenteric artery Following 
aortography the patient complained of nausea and 
vomited several times but had no further complica 
tions 


the medium alone.® 


Direct tissue damage by the contrast me- 


result) from contrast 
dium may be associated, in part at least, 
with vasospasm and secondary ischemia. 
The degree of vasospasm in an arterial bed 
varies with the organic iodide injected. 
Spinal Cord Injury.—-Subarachnoid in- 
jection of contrast medium occurred in one 
patient, without causing permanent neuro 
logical damage (big. 5). Case studies de- 
deficits 
the 


toxicity of contrast medium in the spinal 


scribing paraplegia and sensory 


after aortography have emphasized 


core Crawford et al." collected 13 cases 
of paraplegia after aortography from the 
literature, although this complication did not 
occur in their series (Table 2). By inject 


ing iodopyracet (Diodrast) and sodium 


acetrizoate into the abdominal aorta of dogs, 


spinal cord ranging from edema to necrosis 


Tarazi et produced changes in_ the 


with paraplegia. The pathological findings 
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Fig. 5.—Subarachnoid injection 

Cask 5.—A 42-year-old man had hypertension 
associated with a lesion of the right kidney, demon 
strated by intravenous pyelography. Aortography 
was performed upon the patient, using general 
anesthesia (thiopental [pentothal] sodium). During 
recovery, involuntary contractions occurred in the 
lower extremities, and the patient complained of 
pain in the back and neck 
what was interpreted as 
the contrast material. Spinal fluid analysis 
within 24 hours showed xanthochromic fluid, con 
taining 470 red blood cells and 10 white blood cells 
per cubic millimeter, The muscular 
lid not persist beyond two hours 
lays the patient was asymptomati 
neurological abnormalities 
veloped Carrow 


The aortogram shows 
subarachnoid injection 


contractions 
Within three 
and without 
None subsequently «le 


indicates nerve root sheath) 


were predominantly localized to the gray 
natter 

Spinal cord damage appears to be asso 
claited with injection of contrast media near 
the origin of the major radicular artery.’ 
In man, this 


and 


teries with a high concentration of contrast 


vessel arises between T-12 


Perfusion of the radicular ar 


medium is possible if a large mass of me 
dium is injected rapidly, or if occlusion of 


the outflow tract diverts the contrast me 


dium into the aortic radicular branches. 


High injection pressure may contribute to 


Kutches 


increased spinal cord perfusion in patients 
with aortic obstruction distal to the site of 
aortography. 

Renal Artery Injection Although renal 
complications of aortography occur more 
frequently than any other, no evidence of 
significant renal impairment occurred in this 
series. However, renal injury oceurred in 


Miller 


3 renal 


of 250 aortograms reported by 
et MeAfee and Willson had 
artery injections in 150 aortograms. In one 
of these patients atrophy of a kidney re 
Tarazi et al! 
death im 1 
patient ina series of 43 aortograms. Craw 
ford et 
compleations, of which 12 were unilateral 
19 bilateral, 


tients with bilateral injury died (32¢¢), but 


quired nephrectomy also 


described renal neerosis and 


reviewed 31 cases of renal 


and Six of the nineteen pa 
all patients with damage to only one kidney 
renal 
reviewing 1298 
(Table 2) 


In uncomplicated aortography, Larsson ! 


survived, The mortality rate of the 


complications found 


aortography studies was 25% 


found normal renal funetion studies after 


the procedure. However, Crawford discos 
ered renal function to be abnormal in 50% 
of patients who received more than 40 ce 
of 70% acetrizoate, while those 


had 


reason, he 


sodium 


receiving 25 ce. or less normal renal 


function. lor this suggested 


limiting the volume of this contrast medium 


to 25 Kecently, ‘Thompson et al.” have 


studied the renal response to four of the 


organic iodides after their injection inte 


the renal arteries of dogs. In their studies, 


the injection of iodopyracet) and sodium 


acetrizoate reduced renal volume as meas 


ured onecometrically, while diatrizoate (Hy 
pacque ) and diprotrizoate ( Miokon) resulted 
in inereased renal volume = or 


The 


showed 


no change 


contrast media reducing renal size 


greater structural damage than 
those correlated with inereased renal volume 
The 


were not directly related to the todide con 
tent of 


resulting changes renal funetion 


the contrast medium 


Hemorrhage report the 


death related to 


The only 


American literature of 


: 
— th 
= 
Stokes 773 
| 


McAfee and 
bleeding or 


Will 


hematoma 


hemorrhage is that of 
son!” Significant 
formation after aortography was not dis 
cerned in any patient in this series. Bleed 
ing from the site of injection seems to be 
primarily a consequence of multiple pune 
tures of the aorta or of the placement of the 
needle through an aneurysmal wall. 

bleeding has been investigated by obser 
vation of the site of aortic puncture during 
sympathectomy performed immediately fol- 
lowing aortography.’ Significant hematoma 
formation was not demonstrated. Crawford 
reported clinical evidence of bleeding in 1 
of 300 patients. Obviously, though much 
feared, significant bleeding through an aortic 
puncture site is rare. 


Comment 


Despite the increasing use of aortography, 
the mortality is low. Recent publications 
indicate this to be O8% (Table 2). The 
major complications of aortography usually 
ceral artery (1. ¢., renal, superior mesenteric, 
or celiac axis), or the perfusion of tissues 
follow the direct injection of a major vis 
with high concentrations of a contrast 
medium because of arterial obstruction be 
With distal ar 


terial obstruction, the contrast 


low the site of injection. 
material is 
diverted into aortic branches near the point 
of injection, or occasionally into branches 
above the injection site because of retro 
grade flow of the dye. Furthermore, the 
dilution of the contrast material is slowed, 
and the viscera receive a higher concentra 
tion than they would if the rate of blood 
flow normal. 


were The following modifi 


cations were devised with a view toward 
reducing the frequency of these complica 
tions, 

1. With few exceptions, anesthesia should 
be limited to local infiltrative agents. The 
subarachnoid injury in this series occurred 
during general anesthesia. Other complica- 
tions associated with general anesthesia have 
been reported elsewhere. 

2. Since most of the major complications 


are related to the site of injection, the loca 
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the 


before introduction of the contrast medium. 


tion of needle should be determined 
This may be done by injecting a small 
amount of contrast medium and securing a 
the 


has been improperly placed, it should be 


preliminary roentgenogram. If needle 
reinserted. 

Trippel et have recommended a low 
level of injection to diminish the possibility 
of spinal cord injury. The objections to 
lower-level injection are as follows: (a) Oc- 
clusive disease of the aorta frequently is 
present several centimeters above its bifur 
cation; (/) pain is often severer because of 
insertion of the needle through the lumbar 
nerve plexus, and (c) all risk of spinal 
cord injury would not be eliminated, because 
the origin of the major radicular artery may 
be as low as L-4. 

3. In patients with clinical evidence of 
aortic occlusion or severe outflow obstruction 
below the proposed level of injection, the 
contrast medium should be diluted and the 
rate of injection slowed. This will dimin 
ish the likelihood of high 
concentrations of the contrast medium into 


diversion of 
the visceral and radicular arteries. In pa 
tients with distal aortic obstruction, satis- 
factory technical results can be obtained 
using dilute solutions if the exposure time 
is 

4. Aortography should not be used when 
femoral other clinical 
methods will provide the desired informa 


arteriography or 


tion.'® Careful selection of patients requir 
ing aortography and individualization of 
technique for specific problems will aid in 


reducing the number of serious complica- 
tions of the procedure. In addition, a pro 
hibitive morbidity for a valuable diagnostic 
method will be prevented. 


Summary 


1. The complications of —translumbar 
aortography related to abnormal sites of in 
jection and their frequency in 112 patients 
are presented (Table 1). 

2. Abnormal sites of injection are illus 
trated (Figs, 1-5). 


3 
if 
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3. The reported frequency of complica 
tions is reviewed (Table 2), and methods 
of avoiding them are discussed, 

Barnes Hospital, 600 S. Kingshighway (10) 
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Aminoacetic Acid (Glycine) as an Antifibrillary Agent 


in Hypothermia 


WILLIAM R. BEAVERS, M.D., Dallas, Texas, and BENJAMIN G. COVINO, Ph.D., Seattle 


The chief hazard in the use of hypothermic 


anesthesia continues to be the occurrence 


of ventricular fibrillation. In order to avoid 
this complication, the level of hypothermia 
induced during surgical procedures is usually 
restricted to rectal temperatures above 28 C 
(82.4 T°) 


in surgery increase, however, in proportion 


The advantages of hypothermia 


to the lowering of temperature. In an effort 
to control fibrillation at low temperatures, 
the antiarrhythmic effects of many pharm- 
acological agents have been investigated,!? 
but few have been found wholly satisfactory. 

Aminoacetic acid U, S, (Glycine), an 
amino acid, has been reported to suppress 
eyclopropane-epinephrine-induced — arrhyth 
mias.’ In a previous study,* intravenous 
aminoacetic acid was shown to be easily ad- 
ministered, safe, and well tolerated by hypo 
thermic animals. The present investigation 
was initiated, therefore, to evaluate the use 
of intravenous aminoacetic acid as a means 
of preventing ventricular fibrillation during 
hypothermia, with and without the added 
cardia 


stress of surgery, 


Method 


In the concerned with 
fibrillation, adult 


in weight 


series spontaneous ven 
both 


from 10 to 30 ke, were 


tricular mongrel dogs of 


anesthetized with mitravenous pentobarbital sodium 
(30 


water bath of 5 ¢ 


) and immersed in a recirculating 
Additional 


necessary, to suppress shivering 


anesthetic was 
idmuinistered, af 
All animals intubated and artificial 


were given 


respiration Cpush-pull) with room air below a 


rectal temperature of 30 C. Below this temperature 
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serum pH, as measured by a Cambridge pH meter, 
was maintained between 7.30 and 7.55. The right 
common carotid artery was exposed and catherized 
with a No. 7 radiopaque catheter connected to a 
Statham pressure transducer, Arterial blood pres 
sure and electrocardiograms (Lead IL) were re 
four-channel 


corded simultaneously on a Sanborn 


recorder. The left external jugular vein also was 
exposed and a No. & catheter passed into the right 
atrium in order to obtain samples of venous blood 
Plasma potassium, analyzed by a Perkins-Elmer 
flame photometer; blood sugar, determined by the 
Folin-Wu method, and pHl were measured at rectal 
temperatures of 38, 30, 25, and 20 C. Rectal tem 
peratures were recorded on a Leeds-Northrup iron 
The group 
received no medication. The first experimental group 
15 to 20 gm/kg. of 
solution) by 


constantin potentiometer control 
acid 
intravenous drip. The 
experimental received 1.5 to 2.0 
gym/kg. of (5% 
Both solutions were administered via the femoral 


received aminoacetic 
(5% 


second 


slow 

group 
intravenous dextrose solution ) 
vein 

In the first surgical series, adult mongrel dogs 
were anesthetized and immersed as described above 
Artificial respiration (push-pull) was initiated at 
Control animals received no 


normal temperature 


medication, The experimental group received 0.8 
to 1.5 gm/kg. of aminoacetic acid U. S. P 
All animals 
As the 


animals were made ready for surgery, the rectal 


(5% 
solution) intravenously during cooling 
were removed from the water bath at 26 C 
temperature declined to 24 C. All dogs were then 
subjected to a right thoracotomy, right ventriculo 
tomy, and 10 minutes of total venous occlusion, in 
the manner described previously.” Survivors were 
repaired and rewarmed in a 45 C water bath 

In the second surgical series, mongrel dogs were 
anesthetized, immersed, and given respiration as 
described above, but were allowed to cool to a re« 
tal temperature of 18.5 C. At this temperature a 


right thoracotomy, right ventriculotomy, and 20 
minutes of venous occlusion were performed. No 


ittempt was made to rewarm these animals 


Results 
The administration intravenously of 5% 
aminoacetic acid solution reduced the 
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TABLE 1.—Comparison of Frequency of 
Ventricular Fibrillation and Terminal 
Rectal Temperatures in Treated 

and Untreated Hypothermic Dogs 


Aminoacet ic Dextrose 


Acid 


Control 


Total no 
In series 25 10 ‘ 
24/25 44 
96% O% 


No. with 
fibrillation 


lerminal 18.6-4-0.88 16.44 1.56 


rectal temp., 
degrees (c) 


P, t-test * <0.01 


* Statistically significant when 0.05 or less. Refers to com 


parison with control dogs 


dence of spontaneous fibrillation during cool 
ing from 96% of 25 control animals to 0% 
of 10 treated animals (Table 1). This pro 
tective effect was not at the expense of a 
higher terminal rectal temperature, On the 
the 
mals terminated in asystole at an average 
temperature of 16.4 C. This was. signifi 
<0.01) than the average 


contrary, aminoacetic-acid-treated ani 


cantly lower (P 
terminal temperature of 18.6 C observed in 
the control group. 

The control group evidenced no significant 
change in blood sugar as cooling progressed. 
However, the animals receiving aminoacetic 
<0.01) 
rise in blood sugar levels from 82 mg. per 
100 ce., at 38 C, to 125 mg. per 100 ce., at 
(Fig. 1). 

The plasma potassium levels in all animals 


acid demonstrated a significant (P 


declined during cooling to 30 C (Vig. 2). 
However, as cooling progressed, the potas 
the aminoacetic-acid-treated 


sium levels of 


1254 
1204 


NTROL 
154 / 
——- GLYCINE 


1104 


105 


= 6 
100 
= 

95 


30 028 26 24 22 20 
(°C) 


36 34 32 
RECTAL TEMPERATURE 


Blood sugar 
acid-treated 


control 


hypothermia 


levels om 
dogs during 


hig. 1 


amimoaceth 


Reavers—Covmo 


and 


CONTROL 
GLYCINE 


MEQ/L 


264 


24 


38 360 «(340 
RECTAL TEMPERATURE (°C) 


aminoacetic-acid-treated dogs during hypothermia 


Plasma potassium levels im control and 


group rose, and at 25 and 20 © were not 


significantly different from values at 3&8 ¢ 


The control group, however, maintained tts 
0.05) 


lower potassium 


throughout the cooling procedure 
effort. to 


elevated blood sugar levels were responsible 


In an determine whether the 


for the protective effect of aminoacetic acid 


infusion, four additional animals were 


cooled while receiving intravenous 5% dex 


trose. All four animals exhibited fibrillation 


at an average rectal temperature of 18.1 ¢ 


As expected, the blood glucose levels rose 
from 100 mg. per 100 ce., at 38 C, to L8O mg. 
per 100 ce., at 20 C. Yet the plasma potas 


sium values for this group were similar to 


values observed in the control aninals, de 


clining from an average of 4.0 
liter, at 38 C, to 2.9 mkq. per liter, at 20 ¢ 


to rectal 


In the series of animals cooled 


temperatures of 24 C and subjected to right 


Taste 2—Comparison of Incidence of Lentricular 
Fibrillation mn Treated and Untreated 
Hypothermic Dogs Subjected 


to Cardiac Surgery 


Aminoaceti« 
Acid 


A rmminoaceti« 
Acid 


Control 


‘Total no 
In series i4 


Rectal temp 
of surgical 
procedure, 
degrees (c 


No. with 


. ool 


x? 


Both aminoacet 
with the cote 


* Statistically significant when 0.06 or less 
acid groups were added together and compared 
trol group 
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40 
34 
28 
ss 
er 
/ 
he 


thoracotomy, right ventriculotomy, and 10 
minutes of venous occlusion, 13 of 14 control 
animals succumbed to ventricular fibrillation 
during the surgical procedure (Table 2). Of 
eight dogs receiving intravenous aminoacetic 
acid, only one exhibited fibrillation. All 
those surviving the surgical and hypothermic 
episode were rewarmed and survived for 
more than 24 hours, 

A second group, of six animals, receiving 
intravenous aminoacetic acid were cooled 
to 18.5 © before a right thoracotomy, right 
ventriculotomy, and 20 minutes of venous 
occlusion were performed, Three of the six 
dogs in this group tolerated the surgical in 
sult without exhibiting ventricular arrhyth 
When 


groups are compared with controls, a highly 


mas. both aminoacetic-acid-treated 


significant (P— <0.01) degree of protec 
tion against ventricular fibrillation is found. 
A summary of the results obtained in dogs 
subjected to hypothermia and cardiac sur 
gery is presented in Table 2, 


Comment 
The 


of aminoacetic acid is seen to decrease sig 


intravenous use of a 5% solution 
nificantly the incidence of ventricular fibril 
lation in the hypothermic dog. This is true 
of both that 


resulting from surgical insult. The mechan 


spontaneous fibrillation and 
ism by which this may oceur is not definitely 


The 


levels produced by aminoacetic acid appears 


established elevation blood) sugar 
to play neo significant role, as evidenced by 
the high incidence of ventricular fibrillation 
in the dextrose-treated animals 

It has been shown by Peterson et al.® that 
aminoacetic acid possesses a metabolic ad 
renergic effect, producing hyperglycemia by 
depletion of liver glycogen. Such an in 
crease in blood sugar also was observed in 
the present study. In addition, it is known 
that glycogenolysis results in the release of 
bound potassium. This would tend to ex 
plain the higher plasma potassium levels 
observed the aminoacetic-acid-treated 
animals during profound hypothermia, 

The low plasma levels of potassium ob 


served during hypothermia in the control 
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animals are consistent with the observations 
of Swan? and Mavor * and their associates. 
It was demonstrated also by Grumbach et 
al.* and Melville and Mazurkiewicz that 
ventricular fibrillation occurred in the normo 
thermic isolated rabbit heart perfused with 
solutions containing subnormal concentra 
tions of potassium, Thus, the fall in plasma 
potassium during general body cooling may 
be one of the factors predisposing to ven- 
tricular fibrillation. 
of aminoacetic acid to raise plasma potas 


The consistent ability 


sium levels at low temperatures may be re 
sponsible, therefore, for its suppression of 
ventricular arrhythmias in the hypothermic 
heart. 

In the dosage range used, no toxic effects 
of aminoacetic acid were observed during 
the present study. Harper and associates '™ 
have reported the production of toxic levels 
of blood ammonia in normothermic dogs 
treated with aminoacetic acid. The doses 
necessary to produce such an effect, how- 
ever, were in excess of the amounts used 
in these experiments. The interesting pos 
sibility remains that a slight rise in blood 
ammonia due to aminoacetic-acid infusion 
may be responsible, in part, for this anti 


arrhythmic effect observed in hypothermia. 


Summary 


The effect of intravenous administration 


of 5% aminoacetic acid (glycine) on the 


frequency of ventricular fibrillation during 
hypothermia was determined in dogs cooled 
to terminus and in animals subjected to right 
thoracotomy, right ventriculotomy, and 10 
to 20 minutes of total venous occlusion at 
low temperatures. Aminoacetic acid reduced 
the incidence of spontaneous ventricular 
fibrillation during hypothermia from 96 
to 0. The frequency of ventricular fibrilla 
tion in hypothermic dogs subjected to 
from 93% 


Animals receiving aminoacetic acid 


cardiac was decreased 
to 29%, 


exhibited significantly higher blood sugar 


surgery 


and plasma potassium levels during hypo 
thermia than did untreated, control dogs. 
The most likely explanation of the anti- 
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arrhythmic effect of aminoacetic acid ap- 


pears to be its ability to increase the plasma 
potassium concentration, 


Department of Pharmacology, Southwestern 


Medical School of the University of Texas, Dallas. 
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Antifibrillatory Action of Piperidolate Hydrochloride 
(Dactil) in Hypothermia 


MASAUKI HARA, M.D.; FRANKLIN J. HARBERG, M.D., and LOYDE H. HUDSON, M.D., Little Rock, Ark. 


This study is concerned with an evalua 
tion of the antifibrillatory activity of the 
drug piperidolate hydrochloride (Dactil; * 
N-ethyl-3-piperidyl diphenylacetate hydro- 
chloride; JB-305), in hypothermic dogs. 
Seager, Kelley, and Bates! have previously 
reported on the potent antifibrillatory prop- 
erties of this drug in both normothermic 
and hypothermic animals. They observed 
that the drug prevented ventricular fibrilla 
tion in 20 of 24 dogs subjected to the 
chloroform-epinephine method of producing 
this arrhythmia. Further, the drug provided 
complete protection to 10 dogs cooled to 
24-27 © on which and 


intracardiac manipulation were performed. 


inflow occlusion 
However, in the latter series of experiments, 
they did not attempt to obtain chronic sur 
vivors. 

Preliminary studies were conducted on 
12 animals to standardize the dosage and 
mode of 


administration of the drug. A 


previously reported series? in which ven 
tricular fibrillation was regularly induced 
in 44 hypothermic animals by stimulation 
of the right ventricle, either by placement of 
sutures or by incision, served as the control 
experiments, 


Method 


Following anesthetization 


with 
sodium, healthy mongrel dogs were cooled in an 


pentobarbital 
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ice bath to 28-29 C and were maintained on the 
Pneophore respirator upon reaching 33 C. Ap- 
proximately 50% of the animals received hydrazine 
(0.1 mg/kg.) intravenously to facilitate induction 
of hypothermia. Thoracotomy was performed, with 
sterile technique. The right thoracic cavity was 
entered through the right fourth intercostal space 
The azygos vein was ligated, and the inferior and 
superior venae cavae were isolated preparatory to 
occlusion of the venous inflow tract to the heart 
Piperidolate hydrochloride, 0.3 to 0.6 mg/kg. in a 
10% solution, was introduced into the right atrium 
over a three-minute period, after which the venae 
cavae were occluded. An additional 0.1 mg/kg 
of the drug was injected into the base of the aorta 
and massaged into the coronary bed immediately 
before the aorta was clamped 

The experiments were divided into three cate 
gories. In the first group, a 4 to 5 em 
into the 


incision 
after two to 
four guide sutures had been placed in the myo 
cardium. In the second series, 
tomy, a 10 mm. defect was created high in the 
interventricular septum just posterior and inferior 


was made right ventricle 


after ventriculo 


to the septal leaflet of the tricuspid valve by means 
of a sharp punch. In the third, the septal defect 
was produced and closed with interrupted sutures 
at the The 


was closed with a running silk suture 


same wound 
After com 


were re 


sitting ventriculotomy 


pletion of the operation the survivors 
warmed by wrapping in the heated matress of the 
Thermo-Rite unit 

The following studies were carried out in the 


majority of the experiments: 


Electrocardiography: Tracings in several leads 
were obtained at intervals before and after cooling. 
Whole-Blood pH: The pH of right atrial blood 
was determined with the Beckman pH meter prior 
to the ventriculotomy 
Pressure 


Arteria! Arterial pressure was meas 
with the Sanborn 


U-tube 


ured electromanometer or the 


mereury 


Results 


Group |.—-Four of eighteen animals in- 
curred fibrillation during ventriculotomy. 


One of the dogs (C25) was severely hypo- 


ax 


PIPERIDOLATE HCL IN: HYPOTHERMIA 


Taste 1—Number of Experiments and Over-All 


Mortality 
j No. of Other Lethal 
Type of Experiments Complications 
Procedure 
Control 45 44 
Operative group 
Ventriculotomy 18 4 
Interventricular 16 4 
defects 
Closure of 
defect 23 6 7 
57 4 s 


* Ventricular fibrillation. The onset of ventricular fibrillation 


was taken to indicate an unsuccessful outcome, even though 
defibrillation could be achieved. 


Group IIl.--The poorest results were 
obtained in this category. There were 13 
deaths in 23 experiments. In the six 


animals that developed fibrillation, the ar 
rhythmia occurred in four instances ap 
10 to 15 the 


ventriculotomy wound had been closed, The 


proximately minutes after 


arrhythmia in these cases seemed to occur 
as a sequela of impaired heart function 


sustained from the intracardiac operative 


one animal (C56) 


However, 


procedure. 


Taste 2—-Group I: Ventricular Fibrillation 
BP, Mm. He Onset of 
No Temp. (Cc pu (Mean Ventricular Fibrillation Comment 
Cy 25 140/100 During exploration of 
right ventricle 
ow 26 74 70 As ceronary hit by 
suture 
Cw 25 7.5 2 2% min. after 
ventriculotomy 
07% 29 60 90 sec. after Air in 
ventriculotomy coronaries 
Cle 23 7.6 110/76 Standstill as 4th 


tensive and obviously a poor risk from the 
outset, One other animal succumbed as a re 
sult of cardiac standstill while a fourth guide 
suture was being inserted into the right 
ventricular wall. The average duration of 
caval occlusion in this group was six to seven 


one-half The 12 


dogs survived the experiments, although 2 


and minutes, remaining 
were found dead the following morning. 
Group II.-Four of sixteen animals in 


curred ventricular fibrillation. The animal 
(C37) with hypotension was obviously an 
the 


remaining animals additional factors were 


unfit subject for the experiment. In 


present, such as an excessively high pH in 
two, which could conceivably have contrib 
of 


was five to six min 


uted to the development fibrillation. 
Total inflow blockade 


utes in this series of 


experiments. 


Taste 3.—Group 


No remp. (C pH 
C%& 79 
C37 24) 7.5 
CH 

Ch 27 7.9 


Hara et al 


BP, Mm. He 


guide suture inserted 


developed — fibrillation 15 minutes after 
closure of the ventriculotomy wound in an 
procedure as two 


apparently successful 


udditional reinforcing sutures were being 
placed. The time of inflow occlusion ranged 
from six to eight minutes 

The miscellaneous complications in Group 
are largely self-explanatory. In two 
animals incomplete or complete atrioventric 
ular block followed operative injury to the 
conduction bundle. Technical deficiencies in 
two additional experiments resulted in air 


embolism of the coronary arteries 


Comment 


Intensive investigative efforts have 
yielded a growing number of agents and 
measures which prevent ventricular fibrilla 


tion during or after cardiotomy under hy 


Ventricular Fibrillation 


Onset of 


(Mean Ventricular Fibrillation Comments 
108/72 As defect made (00 sec Defect too low 
a“ 4 min. after closure of In rt. ventricle 
ventriculotomy wound 6 min. 9 see 
2:1 A-V block as defect 
made & VF 3 min. later 
116/70 2:1 A-V block & min. after Kt. atrium 
closure of ventriculotomy overdistended 


| 
| | | 
~ 
oR 
— — 
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yup Ventricular Fibrillation 


BP, Mm. Hg 


Temp. (C) 


2s 


pothermia. 
the 


The antifibrillatory activity of 
various methods is usually effected 
through one of three avenues: (1) that of 
decreased cardiac irritability by the use of 
a drug or some other method; (2) provid 
ing Oxygenation to the myocardium during 
inflow occlusion by coronary perfusion with 
arterial blood, or (3) producing temporary 
cardiac standstill. Various investigators *4 
have obtained conflicting results on experi 
mental assessment of even the most promis 
ing techniques, several of which have been 
reported to be highly or completely effective 
in inhibiting fibrillation in the experimental 
animal. These differences would appear to 


be largely attributable to the lack of stand. 
ardization of the experiments performed on 
dogs, a failing which, in turn, probably 
stemmed from gaps existing in the earlier 
knowledge concerning the mechanism of 


fibrillation in hypothermia. Factors re 
garded previously as unimportant, such as 
the anesthetic agent employed, the age of 
the animal, and fluctuations in the pH in 
the blood, are now felt to influence signifi 
cantly the development of fibrillation. Some 
workers °7 have been able to reduce mark 
edly the incidence of this arrhythmia, both 
experimentally and clinically, by the simple 
expedient of maintaining the pH of the 


TABLE 5 


Temp. (C) 


27 


(Mean) 


106/70 
64 


100/66 
170/82 


Mm, He 


Onset of Ventricular Fibrillation 
96/70 
90/70 


12 min. after completion of ventriculotomy, while 
placing two reinforcing sutures 

Heart action poor 12 min. after closure of cardiac 
wound; preop. ECG, trreg. rhythm 

On suture of defect 

Ineffectual beat for 15 min. after closure of ven- 
tricle 

10 min, after closure of heart 

As ventricle closed (in heart 4 min. 35 sec.); dog 
pregnant 


serum at a level as normal and stable as 


possible. The lack of precise physiologic 
data in many of the studies, such as the pH 
and the potassium and other tonic levels of 
the serum, would appear to interdict a valid 
the 
separate groups on a particular antifibrilla 
tory method. 


comparison of findings reported by 


Similarly in our experiments, an objective 
appraisal of the antifibrillatory properties 
of the drug piperidolate is not feasible. The 
carbon dioxide content and the potassium 
and other electrolyte values were not deter 
mined, either in the control or in the piper 
idolate series. Although the two groups 
of experiments were executed under con- 
ditions as identical as possible, intentional 
hyperventilation, which had been carried 
out in the controls, was not routinely car- 
ried out in the latter group. 
30) animals in 


However, of 
the piperidolate category 
which did not incur fibrillation, the pH of 
the blood was 7.4 or above in 65%. Regard- 
ing the dispute on the optimal pH of the 
serum for hypothermic procedure, we have 
come to feel, as others, that hyperventila- 
tion with resultant alkalosis seems to pre- 
dispose to fibrillation. Additional studies of 
statistical connotation were not performed 
to ascertain whether the arrhythmia could 


Group III; Miscellaneous Cardiac Complications 


BP 
Description of Cardiac Complicauon 


106 Ineffectual beat 
atrium 

76 Beat weak and ceased after | hr 

108/68 Complete A-V dissociation after ventriculotomy 
60 Action weak (low voltage); stopped 1 hr. postop 

4:1 and 5:1 A-V block developed; poor cardiac 
action 

Standstill at closure of ventricle, air in coronaries 

Beat weakened as defect made; coronaries con- 
tained air 


with overdistention of right 


80/50 
90/66 
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No. pH 
ae 7.4 
O65 25 7.6 
O72 28 
O16 
Cas 7.85 
27 1.6 
C57 7.8 
O58 27 7.7 
O67 28 7.8 
— 
7R2 


PIPERIDOLATI 


HCL IN 


HYPOTHERMIA 


be as easily induced in the hypothermic 
heart in the absence of alkalosis caused by 
deliberate hyperventilation as in the con 
trols. The administration of hydrazine in 
many of the experiments is an unknown 
factor in the predisposition of fibrillation. 

The data presented demonstrate beyond 
any doubt that piperidolate hydrochloride 
antifibrillatory activity. 
the 
In at least four experi 


possesses 

Additional 
support this view. 
the 
completed, employing the drug after defibril 


potent 


observations from study 


ments procedure was — successfully 
lation had been accomplished for fibrillation 
which had occurred prior to ventriculotomy. 
In addition, under the protection of this 
agent, we have been able to excise sizable 
portions of the lateral wall of the right 
ventricle and bridge the defect with a nylon 
patch, or anastomose an arterial graft from 
the right ventricle to the pulmonary artery 
in 10 animals without fibrillation. In two 
dogs, before the operation could be under 
taken, it was necessary to treat fibrillation 
which was incurred during cardiac manipu 
lation prior to ventriculotomy. The proce 


the 


numerous sutures into the myocardium for 


dures have entailed placement of 
periods up to 20 minutes and inflow occlu 
additional 6 to & 


Owing to the short duration of its action, 


sion for an minutes. 
piperidolate was readministered every 8 to 
10 minutes in these experiments. 

Of interest is the fact that piperidolate 


hydrochloride — possesses anticholinergic 
properties. [-xperimental evidence indicates 
that stimulation of the vagal mechanism of 
the heart, as by the administration of neostig 
mine methylsulfate P. ( Prostigmin) 
the bed,* 


fibrillation. Similar protection is apparently 


into coronary protects against 
afforded by blocking the sympathetic im 
pulses to the heart, either by lidocaine 
( Xylocaine )* or procaine blockade of the 
sinoauricular node or by bilateral thoracic 
sympathetic denervation." Thus, it would 
seem unwise to administer any drug which 


could conceivably potentiate the incurrence 


of ventricular fibrillation in the cooled ani- 


Hlara etal 


mal. Seager, Ewing, and co-workers)!" 
have studied quite extensively the behavior 
of piperidolate on the heart of dogs, 
turtles, and guinea pigs. Their data in 


dicate that the antifibrillatory property of 
the drug is a result of its direet action upon 
the heart, causing a decrease in its excitabil 
ity and a prolongation of the refractory 
period. Seager '* feels that in the dosage 
employed in this study the drug exerts 
little or no anticholinergic effect but wields 
a markedly depressant influence on the 
heart. Piperidolate in larger doses has been 
found to decrease heart rate, produce com 
plete heart block, weaken and slow cardiac 
contractions, and, finally, lead to standstill.” 
In the dog a dose of 4 mg/kg. has been 
required to inhibit: vagal response of the 
heart. The larger doses of piperidolate, by 
weakening cardiac contractions, have re 
sulted in hypotension of moderate severity, 
which has usually reversed itself in a short 


time upon discontinuation of the drug. 

When the 
scribed, piperidolate HCl did not) appear 
The 
cardiac rate remained stable, and hypoten 
did 


administered to a 


administered in manner de 


to produce any untoward reactions, 


sion not occur. However, the drug, 


when 7-year-old 
cooled to 30 C for resection of a pulmonary 
infundibular obstruction, caused a tempo 
rary and disturbing rise in pulse rate, from 
60 to 120 a minute. The ECG did not reveal 
alterations except those commonly noted in 
hypothermia. However, partial or complete 
atrioventricular block, usually of a transient 
nature, was often observed when the inter 
ventricular septum was incised or sutured. 
The action of piperidolate when adminis 
tered intravenously is brief, lasting perhaps 
8 to 10 


within 


minutes. In one animal (C56), 
12 minutes after administration of 
the drug had been completed, the placement 
of two additional and supertluous sutures 
into the ventriculotomy wound incited fibril 


had 


closure of an 


lation in a heart which previously 


the 
interventricular septal defect 


sustained creation and 


without ap 


parent difficulty. Seager and Baumann 


783 


© 

= 

s 

ike 

1 
Bir 


have observed similarly in the treatment of 


patients with premature ventricular tachy 
cardia that the drug when injected intra 
venously is frequently effective for brief 
periods of less than 15 minutes, 

Toward the conclusion of this study it 
became apparent that other methods of pre 
venting fibrillation being reported bore 
greater promise for clinical application than 
that utilizing the drug piperidolate. As one 
example, the technique described by Jude,’ 
in which the coronary bed ts perfused with 
arterial blood warmed to 37 C, appears to 
be a simple and highly effective way of pre 
venting fibrillation. This investigation then 
describes yet another drug capable of exer 
cising pronounced antifibrillatory effect in 
the hypothermic dog. 


Summary 
The 
(Dactil; N-ethyl-3-piperidy! diphenylacetate 


drug piperidolate — hydrochloride 
HCl; JB-305) has a pronounced antifibril 
latory effect upon the myocardium of the 
hypothermic dog. 

The drug prevented fibrillation in 26 of 
34 hypothermic dogs in which the procedure 
of ventriculotomy or the creation of an 
interventricular carried 


septal defeet was 


out. 
There 


were but 10 survivors out of 23 


animals undergoing the production and 
closure of an interventricular septal defect, 
ventricular fibrillation developing in 6 of 
the dogs. 


Arkansas Medical 


University of Center 
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G. H. LAWRENCE, M.D., Seattle 


Synthetic tubular prostheses have been 
used successfully '* in the reestablishment 
of vascular continuity following resection 
of diseased arterial segments. Arterial sur 
gery for trauma, aneurysm, and occlusive 
disease has been extended by this technique. 
Restoration of venous continuity has proved 
a less crucial consideration, with its usually 
adequate collateral and lack of coexistent 
involvement in arterial disease. On occasion 
it has been necessary to reestablish arterial 
continuity following radical resection for 
56 


malignancy Obstruction of major veins 


by malignaney or their resection with tumor 


has, however, prompted grafting of the su 
perior vena cava by homograft or auto 
graft*® and the internal jugular vein by 
femoral vein autograft.'"° Use of synthetic 
prosthesis for femoral vein substitution has 


not been reporced. The case presented illus 
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From the 


Successful Nylon Prosthesis 


for the Femoral Artery 


trates both the feasibility and the desirabil 
ity of such an approach following resection 
of a long segment of femoral artery and 
vein during resection of malignancy, 


The Problem 


\ positive biopsy tissue of a poorly differentiated 


anaplastic fibrosarcoma* was obtained from a 


movable 106 cm. mass in the right midthigh of a 
57-year-old paper-mill employee one week prior to 
admission. At biopsy this mass was found to be 


femoral vassels in the adductor 


X-ray 


was felt 


adherent to the 
(Fig. 1) 


was negative. It 


canal survey 


that 


for distant spread 
wide en bloe exci 


sion was desirable, in preference to radical amputa 


tion 


resected 


big 


hbrosarcoma 


he 
divided to 
prox 

femoral 


demonstrate close 


imuty to the 


vessels, which pass be 
himl the tumor on the 
right 


19 90 9D 


The Solution 


With the 


preliminary sympathectomy oft the second and third 


patient under imbalation anesthesia, a 


lumbar ganglia was performed. Utilizing a 36 em 


incision paralleling the course of the sartorius 


muscle in the right thigh (Fig. 2), the femoral 


* Patient referred by Dr. Lawrence 


Angeles, Wash 


Schueler, 


Port 


fie 
i 
Le. 
ba 
1 “On 

| 
: Ws 


VASTUS 
MEDIALIS 
FEMORAL A 


Vig. 2.-Position of the tumor shown in relation 
to the femoral vessels. The cross section illustrates 
the extent of resection The insert shows the line 
of ineision 


and popliteal vessels were isolated, occluding the 
ven proximally prior to mampulation of the tumor 
as a precaution against tumor embolization during 
surgery. An en bloc excision, affording a wide 
margin of muscle about the tumor and incorporat- 
ing the previous biopsy incision, was carried out. 
The femoral nerve, artery, and vein were neces 
sarily sacrificed, as well as the surrounding muscles 
(the medial two-thirds of the vastus intermedius; 


3.—The femoral 
artery and vein prosthesis 
shown in situ. The insert 
demonstrates the method 
ol anastomosis ot the 
artery to the graft 


A, M. A. ARCHIVES OF SURGERY 
the sartorius; the pectineus; the gracilis adductor 
brevis; the adductor longus, and the proximal 
three-quarters of the adductor magnus, the semi- 
membranosus, and the semitendinosus). This 


dissection was carried to the sciatic nerve postero- 


medially, leaving no muscle attachments on the 
medial lip of the linea aspera (Fig. 2). The 
femoral vessels were divided proximally 1 cm. 
below the inguinal ligament, at a point above the 
origin of the profunda femoris artery and above 
the saphenous and profunda femoris veins. Distally 
the vessels were divided at the superior margin 
of the popliteal space. 

Arterial continuity was reestablished by utilizing 
nylon tube grafts. An suture 
by end-to-side technique, as advocated by Kunlin™ 
and using 0000 silk was employed to 
anastomose the graft and artery (Fig. 3). The 
previously normal dorsalis pedis pulse was rees 
tablished after an interruption of 16 minutes. With 
reestablished arterial flow, marked venous distention 
developed in the lower leg. Release of the clamp 
on the popliteal vein produced a forceful jet of 
blood, which spurted to the patient's chest. Realiz 
ing the danger of division of the femoral vein 
above the saphenous, venous continuity was re- 
stored with a similar nylon graft and suture, despite 
the calculated danger of subsequent embolization 
from the graft. This vein graft was flushed free 
of clot prior to completion of the proximal anasto- 
mosis by momentarily releasing the distal clamp 
braided nylon crimped graft (Edwards- 
Tapp), ™% in. in diameter and 27 cm. long, was 
used for the arterial graft, and a 4% in. 


end-to-end 


graft 
of the same length and construction was used for 
restoration. Adequate muscle was 
available to approximate the biceps femoris and 
remaining vastus intermedius and vastus medialis, 


the venous 
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SUCCESSFUL NYLON PROSTHESIS 
thereby covering the vascular grafts with muscle 
The skin was approximated without tension by 
interrupted stitches 


The Result 
(00d arterial pulsation in the dorsalis pedis and 
posterior tibial 


months following surgery 


four 
Venous distention has 


arteries has persisted for 


not been marked, and ankle edema has not been 
present save for transient minimal swelling fol- 
lowing a phlebogram, which demonstrated patency 
of the femoral vein graft one month following 
surgery. The postoperative course was marked by 
ischemic necrosis of an area approximately 4 cm. 
in diameter in the biceps femoris, due to interrup- 
tion of its arterial supply derived from the pro 
funda femoris artery. Open drainage and judicious 
débridement over a period of three weeks resulted 
in closure of the incision. Loss of muscle substance 
in this area in the midthird of the incision unroofed 
the grafts for a distance of 2 cm. They have re 
mained patent despite their apparent exterioriza- 
tion during the healing phase of the wound, which 
is now complete. The patient shows no sign of 
local or distant recurrence of the tumor or pul 
monary embolization and states that he is able to 
walk as far as he wants without pain or noticeable 
weakness in the leg. 


Conclusion 
A woven nylon prosthesis has provided 
satisfactory restoration of a long segment 
of the femoral vein and artery. Patency of 
both vein and artery remain, despite ische 


mic necrosis of an area of muscle overlying 
these grafts. The patient has a functional, 
pain-free leg, four months following radical 
resection of a fibrosarcoma. 


The Mason Clinic. 

1118 Ninth Ave. (1). 
Addendum 

The patient ts free of disease with good 

months 


arterial pulsation eight following 


Lawrence 


surgery. He wears an elastic stocking on 
the right leg to prevent ankle edema while 


at work. 
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Gastroschisis. with Comments on Embryological 


Development and Surgical Treatment 


EDWARD J. BERMAN, M.D., Indianapolis 


(jastroschisis is a congenital fissure of the 
abdominal wall, usually with the protrusion 
of viscera, and without a covering mem 
brane, The absence of a sac and the absence 
of herniation into the cord distinguish gas 
troschisis from omphalocele, the condition 
for which it is usually mistaken, One can 
not define the fissure as extraumbilical, for 
the umbilical ring may form part of the wall 
of the fissure (igs. 1, 2, 5, and 6). 
World literature pertinent to the problem 
reviewed by Hage 


of yastroschisis was 


meyer! in 1955. He found 10 authentic 
cases, In 4 of which the patients survived. 
Successfully treated cases have been re 
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Drawing illus 


Fig. 1 
trating the features ot 
wastroschisis, defined as a 


th | 


congenital fissure of 


abdominal wall with the 


protrusion of viscera and 


ported by Watkins? (1943), Stolowski 
(1952), and Stiller et al.4 (1954). A thor- 
ough review of the literature in English is 
that of Moore and Stokes® (1953), who 
found five previously reported cases. They 
added two additional cases, in neither of 
which did the patient survive. Thus, from 
the literature one would conclude that this 
The fol- 


lowing four cases, representing my experi- 


condition is both rare and lethal. 


ence with this problem, cause doubt on 
these conclusions. 
Report of Cases 


This 


1954, weighing 5 lb. 6% oz 


infant was born Dec. 6, 
(2452 gm.) 


1 female 
The ges 
The 


infant was born with gastroschisis complicated by 


tation was normal. The mother’s age was 28. 


extensive small-bowel atresia. The herniation oc 


curred in immediate juxtaposition and to the left 


Tube in vein 


Umbilical cord 


without a covering mem 
brane. The absence of a 
suc and the absence of 


hermiation into the cord 


listinguish 


from omphalocele 


Intestine Arteries 


BS 
rs 
testine 
{ 
4 | 
/ 
on 
Vein 


GASTROSCHISIS 


Fig. 2 (Case 2).—Gastroschisis with meconium 
peritonitis in a 3 lb., premature infant 
of the umbilical cord. The extruded intestine was 
not covered by a sac and was composed of several 
markedly dilated loops of small bowel, a conglom 
erate mass of bowel unidentifiable as to type, anc 
colon, which consisted of 


a horseshoe loop of 


ascending colon, cecum, and appendix. At surgery 
a long left paramedian incision was made. Resec 


tion of the atretic bowel and reduction of the 
herniation were accomplished by cutting through 
the abdominal fissure transversely so as to join 


The 


the paramedian incision to a transverse one 


Fig. 3 (Case 2).—Photomicrograph showing de 
fect in the antimesenteric border of the ileum, 
leading to perforation in utero 


Berman 


resected measured 18 em. im length; 
however, | believe that this represented most of 
the small bowel, as well as that part ot the large 
The 


jeyunim 


specimen 


bowel described resulting anastomosis was 


between the lower aml the transverse 
colon, with less than 18 in. of small bowel remain 
baby did 
stools on the first postoperative day and beginning 
oral third. After discharge 


irom the hospital the baby presented a problem in 


ing. Postopertively the well, having 


alimentation on the 


nutrition, with failure to gain weight and diarrhea 
She responded to dietary management, and at the 
age of 3 years is. normal physically and without 
digestive insufbciency 

Case 2.—The second patient was a male infant 
born Sept. 7, 1956, and weighing slightly less than 
3 tb. (1360 gm.) 


weeks. The mother’s age was 16. 


Gestation was approximately 30 
In this case the 
evisceration was through a 2.5 em. defect located 


to the right of the umbilical cord, but involving 


the umbilical ring, and consisted of stomach and 


small and large bowel. The intestine was darkly 


discolored, leathery, and matted together with a 


fibrogelatinous exudate. Multiple areas of atresia 


and perforation of the small bowel were present 


(Fig. 2). Resection with jejunotransverse colos 


tomy was carried out. Keduction was virtually 


Fig. 4 (Case 2).—Photomicrograph showing dis 
appearance of muscle fibers in the antimesenteri 
border of the small bowel and meconium perito 


mitis 


Mas 


: 
q 
. 
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Fig. 5 (Case 3),—Gastroschisis uncomplicated 
by atresia or perforation 


impossible in spite of extensive undermining of 
skin. The infant died on the second postoperative 
day, The small-bowel perforations were due to a 
defect in the antimesenteric border of the intestine 
(Fig. 3). 
and meconium peritonitis are shown in Figure 4. 


Disappearance of the muscle fibers 
Case 3.—The third patient was a male infant 
Oct (2948 
He was a full-term baby. The delivery was 

The mother’s age The defect 
measured approximately 3 cm. and was to the left 
of the umbilical cord but involved the umbilical 
ring. Large and small bowel protruded (Fig, 5). 
No atresia was present. Satisfactory repair with 
0000 and 00 Deknatel sutures was achieved (Fig 
6). Neostigmine (Prostigmin) was given on the 
seventh postoperative day, and oral alimentation 
was 


born 10, 1956, and weighing 6% Ib 
gin. ). 


normal, was 16. 


established on the eighth postoperative day 
The convalescence was uneventful. 

Case 4.—-The fourth case of gastroschisis, pre- 
unreported, was a full-term male infant 
and weighed 3 Ib. 15 oz. (1786 gm.).* The fissure 
was to the right of the umbilicus 


viously 


No atresia was 


present (Fig. 7). Although a second operation was 


required to repair a ventral hernia, the infant's 


convalescence was good, with oral alimentation 


begun on the third postoperative day 
* This infant was treated by Dr. L. P 


Muller 


7 


Fig. 6 (Case 3).—Nature of the fissure 


type of repair that is possible. 


Embryology 


In exploring the embryology of this con- 
dition, we turned to Prof. T. W. Torrey, 
chairman of the Department of Zoology of 
Indiana University. It is hoped that he will 
publish in detail his interpretation of how 
the human body wall develops. For the 
purpose of this paper, however, we offer 
this abstract of a personal communication 
received from him wherein the “classical” 
theory is stated, 


Fig. 7 (Case 4). 
(Dr. L. P. Muller). 
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From /nfant 


Fig. 8—The author’s method of establishing 
nasogastric suction in the newborn. Excessive suc 
tion is avoided, and the amount of fluid removed 
can be accurately measured. A, gallon glass bottle 
with rubber three-holed stopper; B, test tube; C, 
glass catheter; D, water in gallon bottle (the depth 
to which the glass catheter is submerged deter 
mines the amount of suction applied) ; /:, ordinary 
piece of adhesive tape suspending test tube for 
collection of fluids removed 


The original ventrolateral abdominal wall 
consists solely of somatopleure, is extremely 
thin, and is devoid of muscles, blood vessels, 
and nerves. Even the ectodermal component 
of the somatopleure is not a true skin. The 
ultimate dermis and stratified epidermis are 
subsequent products of the ectoderm and 
dermatome, believed to accompany the myo 
tomes in an invasion of the area. The orig 
inal position of the myotomes is lateral to 
the neural tube and notochord. As develop- 
the individual 
begin to send bud-like outgrowths ventrally 


ment progresses, myotomes 
down the sides of the embryo (within the 
somatopleuric matrix) toward the midven 
tral line; and, as this downgrowth pro- 
gresses, each myotome becomes separated 
into a dorsal (epaxial) and a ventral (hy 
paxial) segment. The epaxial component ts 
the 
vertebral column, The hypaxial portions of 


forerunner of the musculature of the 
the myotomes fuse into a continuous mass; 
thus, “leading edges are formed and there is 
a downward migration of these masses until 
they meet and fuse in the ventral midline. 
As an accompaniment of this, those portions 
of the hypaxial mass lying between the ribs 


Berman 


give rise to the intercostal muscles; the 
ventral progressing edge splits off longi 
tudinally to form the rectus abdominis 
Tangential splitting and migration of fibers 
give origin to the transversus abdominis 
and internal and external oblique muscles. 
When the right and left muscle masses fuse, 
the rectus muscles are brought together and 
the true body wall is established. This fusion 
occurs first in the upper thoracic region and 
then suprapubically, and from these two ends 
it approaches the umbilicus. Complete re 
placement of the somatopleure by the true 
body wall occurs at about the end of the 
12th week of intrauterine life. 
such fusion, therefore, is the basis for gas 


Failure of 
troschisis. 


Comment 


Gastroschisis itself represents merely a 
special type of abdominal hernia and as 
such, provided some sort of reduction is 
The difficulty en 
countered in closure, however, may prove 


possible, is correctable. 


to be the major problem of the entire sur 
gical procedure, and the same techniques 
may be required as are necessary for the 
correction of large omphaloceles. 

As soon as the diagnosis is made, the 
infant is wrapped in sterile linen and taken 
to surgery. For the administration of blood 
and fluids at the time of surgery and in 
the postoperative period, the umbilical vein 
is used. This vein is consistently large 


enough to accommodate polyethylene 
(Polythene) tube that fits over an 18-guage 
needle (even in a 3-lb. premature infant). A 
polyethylene tube so employed can be filled 
with a little saline, clamped off for 24 hours, 
and then used again not only to administer 
more blood but to draw blood for the typing 
and cross matching as well. A small poly 
ethylene catheter ts threaded through the 
infant's and suction ts 


nose, nasogastric 


begun. Here, then, begins a battle to avoid 


vomiting and aspiration, which is to be relent 


lessly waged until the baby, with fully 
developed reflexes and defenses, is finally 
entrusted to his mother’s care. A No. 10 


79) 


From Infant To Pump 
ays 
\ 
| 
® \ | 
| 
i} 


or No, 
into the 


12 Fk. urethral catheter is threaded 
rectum, A small Asepto syringe 
containing isotonic saline or lactated Ring- 
is attached to the 
catheter for later use. The skin is prepared 
with (Zephiran ) 
intestine is 


injection P. 
aqueous benzalkonium 
and the eviscerated syringed 
with isotonic saline. With the polyethylene 
cannula in place and blood available, sur- 
gery is begun. The first step is to check 
intestinal continuity and to recognize any 
area of atresia. If the bowel has become 
vouch 
for the continuity of the proximal gastro- 


distended with air, this serves to 
intestinal tract and obviates the necessity 
for employing the more tedious method of 
threading the nasogastric catheter into the 
duodenum and injecting isotonic saline. The 
previously positioned rectal catheter is em- 
ployed to check the distal intestine. Where 
intestinal atresia is found (Cases 1 and 2) 
it is imperative to think in terms of how 
much bowel remains after surgery and not 
in terms of how much bowel is resected. 
The specimen resected in Case 1 measured 
3 in, 
part of the jejunum, all of the ileum, and 


part of the 


(7.5 cm.) in length, yet represented 
colon, Obviously, one must 
conserve every available inch of bowel when 
resection is occasioned by atresia. Appro 
priate bowel resection is performed using 
interrupted sutures of OOOOO or OOOO00 non- 
absorbable surgical suture for the anasto 
mosis, Postoperatively, nasogastric suction 


must be energetically pursued, and oral 


alimentation may take a week to 10 days 


to become established (Case 3). What 
uid and electrolytes are removed via suc 


The 


ployed for nasogastric suction should not 


tion must be replaced. catheter em 


be irrigated oftener than is necessary to 


ensure its proper function, and for this 
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purpose a few cubic centimeters of air is 
usually sufficient. By avoiding irrigating 
solutions, the matter of keeping an accurate 
intake and output record is greatly simpli- 
fed. If an irrigating solution is required, 
however, isotonic saline or lactated Ringer’s 
injection U. S. P. 
than water (to avoid added electrolyte loss ). 


should be used rather 


proper drainage in the newborn the 
device illustrated in Figure 8 has been found 
The glass tube 
serves to control the amount of suction em- 


most satisfactory. open 
ployed. The small test tube, positioned as 
is illustrated, makes possible an accurate 
determination of the gastric juice that is 
The three-holed stopper, bottle, 
and glass tubes are readily available in most 
hospitals, 


removed, 


Conclusions 


Gastroschisis represents a kind of ventral 
hernia frequently associated with intestinal 
atresia. It can be successfully managed. 
The condition is probably not so rare as one 
would gather from reviewing the literature, 


and the prognosis is less grim. 


23 FE. Ohio St. (4). 
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Surgical Treatment of Gastrocolic Fistula Due to 


Cancer of the Colon 


RICHARD C. CLAY, M.D., Miami, Fla., and MARK M. RAVITCH, M.D., Baltimore 


Even when 


the 


stomach or colon produces a communication 


malignant disease of 
between these two organs, resection may yet 
This fact 
ported previously by von Haberer! and by 


prolong survival. has been re 
Gabridzhanian,” but generally authors who 
describe malignant gastrocolic fistulas, par 
ticularly in this country, do not report suc 
cessful treatment.*** Gastrocolic fistula may 
result from cancer of the colon, the stomach, 
or the pancreas,'* or even from lymphoma 
of one of these organs. Colon cancer may 
also, of course, produce jejunocolic fistula '® 
fistula,*® 


gastrocolic fistula due to malignancy are re 


or duodenocolic Many cases of 
ported in the radiologic literature, apparently 
as mere curiosities, since there is no accom 
panying record of treatment.’*'* Several 
of the reported patients who underwent 
operations were considered to have non 
forth 


nonresectable 


resectable lesions and were closed 


laced with 
malignant gastrocolic fistulas, some surgeons 
have performed gastrojejunostomy,? colos 
tomy,'* or colocolostomy,’® the procedure 
being determined by the site of obstruction. 
These patients survived operation by only 
7 to 30 days. 

Several authors have reported partial re 
section of colon and stomach for gastrocolic 
fistula due to malignancy. Verbrugge '’ re 
ported two such cases in 1925; one patient 
died a few hours after operation, and the 
second survived to develop a fecal fistula a 
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year after resection. This was surgically 
closed, but the patient died of metastases 14 
months after the initial resection, Lambret 
and Razemon,'* in 1929, reported an opera 
tion upon a 39-year-old woman in whom a 
carcinoma of the transverse colon produc 
ing a gastrocolic fistula was extirpated by 
partial gastric resection with Polya gastro 
jeyunostomy and double-barreled colostomy 
The patient survived, but the report was 
made only two months after operation. Ritvo 
and McDonald,” in 1941, reported a patient 
with gastrocolic fistula due to malignaney 
who died a few days following partial 
gastrectomy and segmental colectomy. Russe 
reported two further cases in 1944, both 
treated by partial resection of stomach and 
colon. One survived five days, and the other 
found to have recurrence of 


was tumor 


seven months after 
Zanca,’® in 1947 


37-year-old man whose malignant gastro 


about his colostomy 
operation. reported a 
colic fistula was treated by partial gastric 
resection with anterior Polya gastrojejunos 
tomy, with 
of the 


together partial resection 


transverse colon and end-to-end 
anastomosis. This case, like that of Lambret 
and Razemon, was reported only two months 
after operation, while the patient was still 
in an Arm hospital, 


Patients with more favorable outcomes 


are those of von Haberer and Gabridzhan 
ian. Von Haberer,’ in 1940, reported an 
operation upon a 27-year-old man in whom 


had 
produced a gastrocolic fistula but no recog 


a carcmoma of the transverse colon 


nizable metastases. The patient was treated 
by Billroth | gastric resection and resection 
of the transverse colon with end-to-end anas 
tomosis. A year later he had gained 20 Ib 


an) 


(9 kg.), seemed well, and had a normal 


postresection barium study of the stomach. 
Gabridzhanian,? in 1931, reported the case 
of a 31-year-old patient with a carcinoma 
of the splenic flexure producing a gastro- 
colic fistula, which was treated by resection 
of the splenic flexure and the contiguous 
cuff of involved stomach, followed by side- 
to-side anastomosis of transverse colon to 
sigmoid. This patient was asymptomatic for 
three years, after which recurrence 
noted in the right half of the large bowel, 
and death ensued three and one-half years 


was 


after operation. 

We are reporting two cases in which 
resection of the stomach and colon produced 
remarkable palliation in patients with gas- 
trocolic fistulas consequent upon carcinoma 
of the colon. 


Report of Cases 


Case 1.—Present Illness ——A_ 57-year-old white 
man was admitted to The Johns Hopkins Hospital 
Dec. 6, 1947, because of abdominal pain. In July, 
1947, he had noted fullness after eating, relieved by 
magnesium citrate, which resulted in gurgling in 
the abdomen and passage of flatus. During the next 
few months, without nausea, vomiting, or melena, 
the patient developed anorexia and malaise. Some 
time in the fall of 1947 he began to have fever, 
with temperatures as high as 101 F, and an x-ray 
of his stomach was said to show some abnormality, 
not further described by him, On a bland diet he 
lost 35 Ib. (15.75 kg.) and developed constant pain 
in the abdomen, exacerbated by acid foods. 
When he came to The 
Johns Hopkins Hospital five months after the onset 


Physical l-xamimation 


of his illness, he looked chronically ill and had a 
large, hard, nodular, visible and palpable mass in 
the epigastrium, The mass extended to the um- 
bilicus, was not tender, and felt separate from the 
There 
was no rectal mass. The remainder of the physical 


liver, though both descended on respiration 


examination was not remarkable. 

Laboratory Studies.—Wemoglobin, 8.6 gm. per 
100 ce.; WBC, 12,000 per cubic millimeter. Stool, 
positive Urine, significant 
57 units of free acid 
Total serum protein, 6.6 gm.; 
albumin, 3.6 gm.; globulin, 3.0 gm., per 100 ce 
NPN, 31 mg. per 100 cc. 

X-Ray Studies.-X-rays of the stomach brought 
by the patient showed a large filling defect in the 
fundus. No fistula was demonstrated, but these 


794 


for occult blood. 
abnormality 


after 


Gastric analysis : 
histamine. 
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films were made two or three months prior to 
admission. Chest x-ray on admission showed no 
lesions. 

Operation. Because the patient was thought to 
have a patently hopeless lesion, without further 
study or preparation, he was given a transfusion 
and operation performed on Dec. 9 for confirmation 
The mass was adherent to the 
abdominal wall; but when it was freed, it was found 
to be movable except for a 68% cm. attachment 
to the liver at the insertion of the round ligament. 
The mass involved both transverse colon and 
stomach. It was decided to resect the entire mass, 
since the liver seemed uninvolved except by the 
direct extension described. Using large, strangulat- 
ing hemostatic sutures to surround the involved 
liver, a fist-sized wedge was excised, after which 
the remainder of the mass was excised by resecting 
the distal three-fourths of the stomach and most 
of the transverse The duodenal-stump 
closure was dubious, due to edema. Gastrointestinal 
continuity reestablished by an 
anastomosis and an 


of diagnosis. 


colon. 


end-to-end 
anterior Hofmeister 
The duodenal-stump area was 
drained through a stab wound in the right upper 
quadrant, and the raw liver surface was drained 
through the upper part of the abdominal incision. 
The patient received 1000 ce. of whole blood and 
withstood the operation remarkably well. 
Pathologic Report——The specimen consisted of 
24 cm. of transverse colon, in the center of which 


was 
colon 


gastrojejunostomy. 


was a huge, ulcerated, necrotic adenocarcinoma, at- 
tached by invasion to a 75% resected stomach. The 
lumina of these organs communicated through a 
63 cm. fistula, previously unsuspected (Fig. 1) 
An attached and tumor-invaded 
measured 8.54.56 cm 


mass of liver 


Fig. 1 (Case 1).—Resected specimen showing 
rubber tube passed through stomach and into 
opened transverse colon by way of gastrocolic 
fistula at site of colon cancer. ‘The resected liver 
is not shown. 
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GASTROCOLK 


Postoperative Course. —On suction 


and administration of penicillin and streptomycin, 


nasogastric 


atelectasis, which occurred two days after operation, 
subsided. On the fifth the 
patient had a bowel movement, but three days later 
a duodenal fistula appeared and jaundice was de- 
tected. Both had cleared up in 13 days. The patient 
left the hospital one month after operation with a 
abdominal wound, but eating 


postoperative day 


granulating 
well and without complaints. 
lollow-U p Observations 
healed promptly, and he returned to his occupation 
as a cook a few weeks after discharge from the 
hospital. He gained weight and enjoyed good 
health for over two years. In early May, 1950, he 
began to lose weight and experienced progressive 
About May 18 he ceased work and at 
There 


upper 


The patient's wound 


weakness. 
this time noted a mass in his epigastrium 
was no pain, and no gastrointestinal symptoms 
were noted. On readmission to The Johns Hopkins 
Hospital, the patient was found to be ill nourished 
and had a large ventral hernia, through which a 
large, hard, nodular mass was felt. It was thought 
to be attached to the liver. 
no tumor recurrence in the colon (Fig. 2) 

On June 22, 1950, on exploration of the abdomen, 
a mass of cancer 20 cm. in diameter was found in 
the right lobe of the liver, but none was noted in 
the left lobe or mesocolon or about the pancreas. 
A liver biopsy the 
The recurrence was considered inoper- 


Barium enema showed 


established mass as adeno 
carcinoma. 


Fig. 2 (Case 1) 


able. The was discharged from the 


hospital eight days later, to return to his home in 


patient 


another state, and was lost to follow-up. 

Case 2.—A 47-year-old white junk man was 
admitted to the surgical service of the Jackson 
2, 1951. He had applied 
department because of 


Memorial Hospital Nov 
through the 
diarrhea and vomiting for three months, 


outpatient 


The only significant findings elicited in the past 
history were that the patient had had a perirectal 
abscess drained in the past, with complete healing, 
and that he had been treated for malaria, without 
recurrence. He had had no further surgery, and 
his system review until the present illness revealed 
no significant abnormalities. 

Present Illness —The patient 
dyspepsia or gastrointestinal difficulty until about 
Aug. 1, 1951, when he began to have diarrhea. He 


denied having 


produced five or six liquid stools daily, without 
blood but with some mucus. At no time was he 
constipated, nor did he have cramps. The diarrhea 
had persisted unchanged until his admission to the 
hospital. The patient observed that diarrhea would 
occur shortly after he ate. At about the same time 
intermittent vomiting. He 


fuller for 


he became troubled by 
that he 
a period of several days and then vomit, perhaps 


said would feel progressively 


From the very first the vomitus was 
food which had 


once a week 
foul 
been eaten some days earlier. The patient gradually 
the upper 


very in odor and contained 


developed some abdominal soreness in 


Jarium enema two and one-half years after operation. Left, filling film; 


right, evacuation film, showing no recurrence of cancer in colon. Transverse colon has been 


resected. 
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quadrants, but he had no spontaneous pain, nor 
did he ever have dysphagia or jaundice. He stated 
that he lost 28 Ib. (12.6 kg.) in the 
months preceding his admission to the hospital, A 
few days prior to admission to the hospital he 


had three 


had undergone an upper gastrointestinal barium 
after 24 
ulcer or pyloric car 


study, which showed barium retention 


hours, suggesting stenotic 


cinoma. No filling defect or fistula was visualized. 
Physical :xamination.—The patient was a thin, 


dehydrated, pale, chronically ill who lay 


quietly in bed without any acute distress. His tem- 


man 


perature was 98.6 F, pulse 88, and blood pressure 
100/60. ‘The 


singularly unrewarding. 


remainder of the examination was 


Cardiovascular and res 
piratory systems seemed normal, and the abdomen 
showed no spasm and only minimal tenderness on 
The examiners 
No other 
findings were elicited on physical ex 


deep pressure in the epigastrium 
could feel no mass or palpable organ 
significant 
amination 

Laboratory Studies 
100) WRC, 


no abnormality 


Hemoglobin, 91) gm. per 
per cubic 
Total 4.67 gm.; 
albumin, 2.07 gm.; globulin, 2.60 gm., per 100 cc 
NPN, 35 mg, per 100. cc 
sodium chloride per 
Studies \ gastrointestinal 
(Fig. 3) 


millimeter, Urine, 


serum protein, 

Plasma chlorides, 596 

my. ot 
X Ray 


barium 


series and 


enema demonstrated fistulous 


(Case 2) Jarium enema November, 
1951, showing obstruction to flow of barium just 
proximal to splenic flexure, Stomach fills via gas 
trocolic fistuin at this poit 
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communication between the stomach and the splenic 
flexure of the colon. The stomach showed an ex 
filling defect on the greater curvature 
Primary carcinoma of the splenic flexure of the 
colon was considered the most likely diagnosis. 


trinsic 


Preoperative Hospital Course.—During the three 
weeks before the patient was operated upon, he 
received 12 transfusions of whole blood, and on 
each of several days received, in addition, 2000 cc 
of 5% protein hydrolysate intravenously. Begin- 
ning on Nov. 14, the patient received by plastic 
nasal catheter a feeding formula now known as 
Dripolac. This accentuated the diarrhea, so little, 
benefit derived from it. By Nov 
17 serum proteins were 4.92 gm. per 100 cc, Hemo- 
globin was up to 14 gm. per 100 cc. on Nov. 19, 
with a red blood cell count of 4,510,000. On Nov 
20 an episode of epigastric distention was relieved 
by constant suction on a Levin tube in the stomach 
for 24 hours. 


if any, was 


Operation.—On Nov. 23 the patient was operated 
upon under cyclopropane anesthesia. A mass, about 
12 cm. in diameter, joined the greater curvature 
of the stomach to the transverse colon about & em 
proximal to the splenic flexure of the colon. The 
entire mass was movable. No peritoneal implants 
or liver metastases were detected. Mesenteric and 
preaortic lymph nodes were enlarged, but soft, and 
felt inflammatory. ‘The large fistula surrounded 
by carcinoma could be felt by indenting the normal 
gastric wall with the finger, 
sect the entire mass 


It was decided to re 


The splenic flexure was mobilized and the spleen 
removed, The colon was then divided 7 or 8 em 
from the mass on each side, and the cor 
responding wedge of 
freed 


away 
mesocolon was 
The stomach was freed from the liver by 
dividing the gastrohepatic ligament. The duodenum 
was transected distal to the pylorus and closed 
The gastrocolic ligament was divided adjacent to 
the colon from the distal point of transection of 
the colon to a point 7 cm. higher on the stomach 


transverse 


The stomach was then turned upward and tran- 
sected 7 


em. above the tumor. An _ end-to-end 
anastomosis of the colon was performed, and an 
anterior Polya gastrojejunostomy, using a 15 em 
loop of jejunum, completed the operation 
Pathologic Report (Dr. P. R. Rezek).—The 
specimen consisted of an 18 em. segment of stom 
ach, attached to the greater curvature of which 


was a 12 cm. segment of colon. The two were 


united by a large, firm mass, in the center of which 
was a 23.5 cm. fistula between colon and stomach 
(Fig. 4). The spleen and resected omentum were 
essentially normal. The mass and fistulous tract 


revealed microscopically a fast-growing adeno- 


carcinoma (Fig. 5). Some resected regional lymp! 
nodes showed metastases of the same neoplasm 
Vol. 75, Now 


1957 


i 
a 
>. 
—— | 
796 


GASTROCOLIC FISTULA 


Fig. 4 (Case 2).—Re- 
sected specimen seen from 
showing 


posterior view, 


adherence of resected 


colon to resected stomach 


at site of fistula 


Postoperatwe Course was 


intravenous fluid and had an indwelling nasogastric 


The patient given 
tube for a few days postoperatively, but he was 
om a liquid diet by Nov. 30 
began Dec. 3. His postoperative course was marked 


Normal defecation 
by a left lower lobar atelectasis with superimposed 
pneumonitis and a little fluid, but 
cleared on suction antibiotics. On 
Dec. 11 his hemoglobin was 13.6 gm. per 100 cc., 
but his total serum protein was only 4.89 gm. per 
100 ce 
Follow-Up Observations 

in the outpatient department 


pleural this 


tracheal and 


The patient was seen 


Jan. 22, 1952, when 


he was asymptomatic, having gained 10 Ib. (4.5 kg.) 


of his lost weight. He failed to return to the out 


Fig. 5 (Case 2).—Microscopic section of stom 


ach showing adenocarcinoma responsible for gas 
trocolic fistula 


Clay—Ravitch 


patient clinic, but he was treated in the emergency 
Colles 
He had sustained the fracture at work 


and orthopedic clinics for a fracture in 
July, 1952 
on his junk truck, having fully resumed his former 
April, 1953, he 


again 16 months after operation, when he was eat 


activity. In was finally located 


ing well, working regularly, having normal stools, 


and had no symptoms referable to his 


intestinal Physical 
that the had fully 


weight, and there was no sign of local, hepatic, or 


gastro 


system examination revealed 


patient regained his normal 


peritoneal metastasis or local recurrence. A gas 
trointestinal series and a barium enema showed a 
normally functioning gastrojeyunostomy, with no 
sign of recurrence, and a normal colon. There were 
no bony or chest metastases demonstrated radio 
graphically 

After an extensive search, the patient was found 
1955. He had 


and no abdominal masses except for smooth, sym 
the 


again in January, a good appetite 


metrical hepatic enlargement to 4 em. below 


costal margin. His weight, which had risen pre 
cipitously in the summer of 1953, while he was or 


a farm, had dropped again to its usual level of 


135 lh. (60.8 kge.). He was working regularly 
Barium enema amd upper gastrointestinal sere 
done in January, 1955, showed no evidence of 


recurrent neoplasm (Fig. 6) 
About March 15, 1955, the patient noticed per 


sistent diarrhea, with passage of 10 to 15 daily 


stools. There were two tarry stools prior to his 


next hospital admission, on May 4, 1955, at which 
(13.5 kg.) and 


examination 


time he had lost an estimated 30 Ib 
felt Physical 


showed 


easily fatigued 


from only a palpable liver 


2 cm. below the right costal margin. X-rays showed 


emaciation, 


a clear chest, but demonstrated a fistula between 
the jejunum and the splenic flexure of the colon, 


where there was a recurrence of cancer. A left 


——— 


Fig. 6 (Case 2).—Barium enema three years 
after operation, showing no evidence of recurrent 
neoplasm 


upper quadrant mass displaced the gastric rem 

His hemoglobin was raised by transfusion from 
8.2 to 14.6 gm. per 100 cc. and on May 25, 1955, a 
laparotomy mass of cancer in each 
hepatic lobe and a snarl of jejunum adherent to 
the splenic flexure. The extent of the disease pre 
cluded definitive surgery ; so a transverse colostomy 
done. This greatly improved the diarrhea, 
and the patient left the hospital June 7, 1955. He 
died nine weeks later, three and a half years after 
his primary operation 


showed a 


was 


Comment 


The attitude of hopelessness toward gas- 
trocolic fistula due to malignancy which has 
prevailed so widely is actually not justifiable. 
Such satisfactory and prolonged palliation 
(two and one-half and three and one-half 
years, respectively) was attained in the two 
cases here reported that aggressive operative 


attack on such lesions appears clearly justi- 


fied when no distant metastases can be 
demonstrated, Obviously, to be yet resect- 
able after invasion of an adjacent viscus and 


formation of a fistula into it, a tumor must 
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have certain peculiar growth characteristics. 
It must extensively invade local structures 
before spreading to distant sites via the veins 
or lymphatics. That such neoplasms exist is 
well known, and is further exemplified by 
The slow- 
growth characteristic of the cancers in these 
two cases is underlined by the long period 
of well-being in each case before recurrence 
became apparent. 


the two cases here reported. 


Summary 


Two patients with gastrocolic fistula due 
to cancer of the colon treated by 
enbloc resection of involved portions of the 
stomach and colon. The spleen was resected 
in one case, and a segment of involved liver, 
in the other. 


were 


The patients enjoyed good health and full 
employment for over two and one-half and 
three and one-half years, respectively. 

ultimately underwent exploration 
for recurrent inoperable cancer. 

The prolonged palliation in these patients 
indicates that the mere existence of gastro- 
colic fistula due to malignancy should not, 
of itself, preclude resection of involved parts 
of the stomach and colon, 

Miami 32, Fla 


345) Ingraham (Dr 


Clay). 


Building, 
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The Intramural Diverticulum and Dissecting 


Diverticulitis 


SAMUEL E. COHEN, M.D.{; JOHN R. CUNNINGHAM, M.D., and HYMAN SNEIERSON, M.D., 


Binghamton, N. Y. 


Diverticulosis of the bowel with or with- 
out its complications is a fairly common 
surgical situation. Morbidity statistics range 
from 5% to 10% of the population, 20% 
of the patients having symptoms which may 
be ascribed to the presence of the lesion. 
The usual form of diverticulum respresents 
the the 
through its retaining wall whereby the sac- 


a protrusion of lumen of bowel 


culation projects beyond the serosal surface. 


Submitted for publication Dec. 26, 1956. 

From the Departments of Pathology and Sur- 
very of Our Lady of Lourdes Memorial Hospital 
+ Dr. Cohen died Noy. 5, 1955 


Fig. 1 (Case 1) 


It is essentially an outpouching of — the 
mucosa through a weakened part of 
wall. 
the 


and dissecting type. In this form the lumen 


any 

Our presentation is concerned with 
variant which is called the intramural 
herniates into the wall of the intestine, and 
then the sacculation burrows its way along 
the wall. 

Dissecting (intramural) diverticulitis is a 
rodent form of diverticulum.? It begins as 
The 


which originally covered the sacculation dis- 


an extrusion of the lumen. mucosa 


integrates, but remnants identify the origin 


Resected specimen of sigmoid. 


‘ 
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of dissecting diverticulitis and distinguish 
it from a simple sinus tract or fistula. Such 
intramural diverticula have been encoun 
tered in the colon and in the appendix. This 


report describes instances from each site. 
Dissecting Diverticulitis in the Colon 
Four cases are available in this category. 


Case | 
a 60-year-old man, a lumberman foreman, who 


The first specimen’ was removed from 


underwent a laparotomy, with the preoperative 


diagnosis of obstruction of the descending colon 


The 


prised 16.5 em. of the sigmoid and was 6 cm. in 


due to carcimoma resected specimen com 


diameter, The serosal surface was deeply injected, 
and the appendices epiploicae were thickly edema 
tous. On external palpation of the specimen the 
lumen was noted to be eccentric, 
thickness of the 
wall measured 1.5 cm.; its layers appeared strat 
left) 
measured 4 cm 
The 


hemorrhagic m 


due to unequal 


walls. On section the thinner 


fied, hypertrophic, and edematous (Fig. 1, 


The thicker portion of the wall 


and was infiltrated with dense white tissue 


mucosa was smooth, intact, and 


places; the mucosal folds were swollen and coarse 


lhe initial line of incision to expose the lumen 
of the specimen fortuitously exposed a cavity 1 
Here the 


separated into two layers by a space which ex 


its thicker portion wall had become 


tended most of the length and through part of the 
circumference of the specimen, A tew centimeters 


from the oral end, a round, mamilla-like stoma, 


0.5 cm. in diameter, was present, which easily ad 
mitted a probe and communicated directly with 


the intramural cavity. This cleavage extended in 


the long axis of the specimen for a distance of 


9 em. and was 2 to 3.em. in width. Approximately 


Muscle coat 


Cohen et al 


in its middle third, the cavity disclosed an acces 
sory space extending laterally and around a por 
tion of the wall 
to the 


his lateral projection ran parallel 
diameter of the 
28 em 


transverse specimen tor 


a distance of Figure 1, right, shows the 


delineation of the intramural pathology. The stoma 
upper 
extends downward 


is at the end, and the sinus widens as it 


Just the middle, the di 
bifur 
The island in 
wall, A 


probe is inserted into its cloaca and protrudes from 


past 


verticulum broadens appreciably and then 
cates, to end in two separate spurs 
the center represents 


a pillar of intact 


the diverticulum At the aboral end, the resected 
sigmoid revealed one larger and two smaller ordi 
nary diverticula, one of which was separated from 
diverticulum by thin 


the intramural dissecting 


septum 


Microscopically, the cavity space was lined with 
chronic vascular granulation tissue, which showed 
marked infiltration with polymorphonuclear leuko 
cytes, An occasional 


remnant of mucosal glands 


was still present. The space was situated outside 
the circular layer of muscle, between the layers ot 
muscle and the subserosal adipose tissue (Fig. 2) 
The inflammation extended into the adjacent adi 
character At the 
diverticulum 


tissue but mild 


of the 


Pose was oft 


apex main other islands of 
mucosal glands were noted, representing cross sec 
tions of the diverticula seen im the gross examina 


tion 


In reviewing the morbid changes encountered im 
this case, one can formulate the following patho 
genesis and interpretation of the clinical course 
The patient had a diverticulosis comparable to that 
which is quite common, One of these sacculations, 
the most orally located, had its progression through 
the wall arrested; it was turned distally, and then 
was propelled isoperistaltically within the wall ot 
the bowel 


Diverticulitis set in, accelerating the 


(Case 1).—-Dia 
showing position ot 
the intramural diverti 


ulum 
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dissection. The conversion of the diverticulum into 
a chronic sinus aggravated the condition, facilitated 
its extension, and led to the formation of the 
lateral components. When this cavity became filled 
with feces and/or gas, the patient developed signs 
of intermittent obstruction. The degree of peri- 
diverticulitis pronounced, so that this 
feature was not appreciable in the onset of the ileus 
which caused admission to the hospital. The se- 
quence of events included sacculation, intramural 
diverticulum, isoperistaltic propulsion, diverticulitis, 
diverticulitis, 


was not 


dissecting tension pneumodivertic- 
ulum, and ileus 

The patient (Case 1) from whom the specimen 
was removed was admitted to the hospital because 
of abdominal distention, pain in the left lower 
quadrant, and vomiting of feces-like material. For 
10 days there had been no defecation. The patient 
came as a transfer from an adjacent community 
hospital, where he had been treated twice with a 
Miller-Abbott tube and enemas. The ailment was 
of 15 years’ duration, the initial symptoms includ- 
ing tympanitis, considerable flatus, borborygmi, and 
vague pains in the lower abdomen. These grouped 
themselves into bouts, during which attacks he 
was unable to have bowel movements or expel gas. 
He recalled that these episodes occurred approxi 
mately twice a year; enemas brought some relief, 

One year prior to admission he suffered a bout 
of the nature described, a condition which soon 
The 


were scanty, liquid, and water-clear at first but 


hecame rather painful persisted, stools 


became tar-like and ribbon-shaped. In the course 
of a few months he grew weak, but the abdomen 
hecame distended and hard, the pain was severe, 
nausea appeared, and he began to vomit material 
with the 
Miller-Abbott tube, which relieved him; but the 


of feeal character, He was treated 
obstruction reappeared and did not respond to a 
second intubation, and thus transfer to this institu- 
tion was necessary 

Physical examination revealed a muscular, well 
nourished man. Respiratory, cardiovascular, genito- 
urinary, and neurologic systems were normal 
Laboratory tests disclosed no abnormal values, A 
flat plate of the abdomen showed that numerous 
loops of small bowel and the transverse colon were 
distended with gas, with only a small amount of 
A barium enema could introduce the 


A defi- 


feces visible 


contrast substance only up to the sigmoid 


nite irregularity of the mucosal pattern was noted 


in the midsigmoid region, and the roentgenologist 
thought he could identify diverticula. 

The obstructive 
ileus due to pathology in the midsigmoid, probably 
a neoplasm. On the eighth day of hospitalization 
exploration was carried out through a left lower 
rectus incision (Dr. Ben C. Matthews). 


admission diagnosis included 


A large 
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mass was found at the junction of the descending 
colon and the sigmoid. The tumor could be mobil- 
ized only after some difficulty because of dense 
adhesions and diffuse fixation. Following delivery 
through the incision, the morbid portion of the in- 
testine was resected and a double-barreled Mikulicz 
colostomy made. 

At the time of the operation, a small amount of 
feces was encountered, and the intramural divertic- 
ulum was ballooned out with gas under pressure 
Its cloaca was edematous, causing closure and a 
ball-valve or tension mechanism. Had the dissection 
gone farther, with the diverticulitis 
into distal diverticula, spontaneous 
healing might have occurred. In this event, the sig 
would 


burrowing 
one of the 
moid have shown a double-barreled con 
figuration, the feces and gas being propelled down 
the accessory canal as easily 
lumen, 


as through the main 


this 
opening was attempted, but multiple 
fecal fistulas had developed. Six months after the 
initial laparotomy, a scar containing two draining 
sinuses and the loop of the bowel with the primary 

opening were third 
tract found. All were excised and 
the original colostomy closed. Recovery was rapid, 
and the man has been well 


Three months thereafter, the closure of 


colostomy 


colostomy dissected out; a 


fistulous was 


Case 2.—-A 58-year-old man consulted his sur- 
geon (Dr. William H. Hobbs) because of a pain 
in the left lower quadrant of the abdomen. In this 
region the physician promptly palpated a tender, 
movable which was and = firm 
The patient gave a history of rapid deterioration 
of strength and loss of considerable weight during 
a period of five or six months 


mass, elongated 


There had been 
constipation alternating with diarrhea. In the last 
two months the constipation had hecome obstinate 
and required drastic catharties for relief. A few 
days prior to admission the patient vomited fecaloid 
material. Roentgenographic examination, utilizing 
enema, obstruction the 
lumen of the large bowel at the junction of the 
descending colon the 


a barium revealed an 
sigmoid, An area of 
stenosis, 6 cm. in length, was reported by the 
radiologist, who also described diverticulosis 
The rectal examination was negative; a sigmoido 
scope, when introduced its full length, did not re 
veal a tumor. 

A laparotomy was performed with the preopera 
tive diagnosis of carcinoma of the colon. The sur 
In this 
case, the gross specimen received in the laboratory 
again displayed inequality of the walls with nar- 
rowing of the lumen. The folds 
hypertrophied, edematous, sprinkled — with 
petechiae. The smooth and intact 
except for multiple small openings which com- 


geon resected 27 cm. of large intestine. 


mucosal were 


and 


mucosa Was 
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municated with eventrations of the lumen into the 
thicker side of the wall. Each diverticulum could 
be easily probed; some were stuffed fecaliths. One 
of these diverticula was revealed to be constituted 
differently. Its stoma communicated with a tract 
that had burrowed its way along the wall and had 
This intramural diverticulum 
exudate. The 
showed no evidence of tumor formation. The blood 


separated the‘ layers. 


contained some mucoid specimen 


vessels showed advanced sclerosis. 

Microscopic sections of the specimen revealed 
multiple small diverticula of the conventional type, 
Mul- 
tiple lymph nodes were present in the mesocolon 
and simple lymphad- 
enitis. A section through the dissecting (intra- 
mural) diverticulum included a portion of the 
adjacent mucosa, which was normal. 


one of which was situated deep in the wall 


showed reactive chronic 


The mucosa 
was noted to dip down into the cavity and line the 
diverticulum for a and then was de- 
This diverticulum manner 
of a spearhead, advancing and penetrating into 
the wall 


distance, 
stroyed. was in the 
The muscularis was disrupted, and the 
dissection had occurred, in this instance, within 
The direction was toward an- 
other diverticulum of the simple kind. If the two 
had become conjoined, we should again have had 


the muscle layers 


an accessory lumen with shunting and by-passing 
of the main lumen. 
spearhead was a still 

diverticulum, The contained 
lymphadenoid accumulations with chronic lymphad- 
enitis. The degree of peridiverticulitis was mod- 
erate, but more advanced than in the first case. 


Just above the apex of the 
ramification of another 


mesocolon some 


Case 3.—In this case the lesion could be enu- 
cleated from its bed and only the intramural di 
verticulum resected. The patient was a 26-year-old 
woman who had pain in the right side, gradually 
localizing in the right lower quadrant. There was 
no nausea or vomiting; the patient knew of no 
previous similar complaint. The abdomen 
found to be soft; no rebound or muscle spasm 
was present. A mass could be palpated which was 
firm, movable, and somewhat tender. 


was 


At operation (Dr. Hyman Sneierson) a con 
siderable amount of turbid fluid was encountered 
in the peritoneal cavity around the ileocecal region 
\ mass “the size of the end of the thumb” was 
found above the terminal portion of the ileum at 


the cecal junction; this was hard in texture. The 
serosa was acutely inflamed and edematous. The 
appendix was moderately injected. The afore 


mentioned mass could be identified as a cecal di 
which had 
the serosa and the mucosa. 
in the serosa immediately above the appendix, and 
the diverticulum thereby 
strating the presence of a narrow neck 


verticulum dissected its way between 


An incision was made 


demon 
The di 
verticulum was excised and the opening in the 


was freed up, 
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mucosa closed with a chromic suture. An incidental 
appendectomy was included 

The laboratory report described the diverticulum 
as measuring 5X2 cm.; hard fecal matter was in 
its lumen. The external surface was covered with 
a serosal lining. The cavity was surrounded by a 


wall displaying much hemorrhage. Microscopically, 


chronic and acute diverticulitis were seen in the 
sections. 
Case 4.—A 62-year-old woman was operated on 


for intestinal obstruction after a barium enema 
confirmed the clinical impression of an obstructing 
lesion in the sigmoid. The segment of large bowel 
which was removed (Drs. Hyman Sneierson and 
John R. Cunningham) measured 21 em. in length 
contained abundant fat; 


The attached mesocolon 


all the surfaces were deeply hyperemic, In the 
central portion the serosa was shaggy and granular 
Over this region a broad adhesion covered an area 
measuring 32 cm.; some hemorrhage was pres 
ent. Section of the lumen of the specimen revealed 
an intact mucosal pattern and the stomata of 14 
diverticula. In the middle of the specimen a diverti 
culum was found which could be probed for a 
It had extended between the 
layers of The 
lesion was fairly well demarcated but could not 
Microscopically, the 


distance of 3 cm. 
the wall toward the aboral end 


be separated by dissection. 
sections showed a nonspecific granulomatous type 
of inflammatory reaction, which extended around 


the diverticulum into the mesocolon No tumor 


had developed 


Intramural (Dissecting) Diverticulum 
in the Appendix 


The next examples are from appendices 


which were removed for the same reasons 
that all others are, and will be. Figure 3 
shows a granulomatous appendix with a 
lumen that extends across almost the whole 
diameter of the cross section. At one end 
the lumen bulges and has herniated into a 
saceulation (Fig. 3, Section 7), The mucosa 
is intact; another smaller diverticulum will 
be noticed below it. Serial sectioning shows 
narrowing and constriction near the out 
pouching, and gradually two lumens appear 
to have become esablished (Fig. 3, Section 
2). 


longer; its mucosa is ulcerated. 


The smaller diverticulum is_ slightly 
In Seetion 


3 the new, accessory lumen is distinet and 
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Fig. 3 


tissue 
intervenes between the diverticulum and the 
main the appendix. The 
diverticulum has become intramural, This 
situation was observed in sections prepared 


separate; a corridor of connective 


lumen of 


from blocks of tissue cut below and above 
the level of eventration, In the tip of the 
specimen the main lumen is absent, having 
become obliterated; but the intramural di 
verticulum is still seen (Pig. 3, Section 7). 
Reconstructing our findings (Vig. 4), we 
can conclude then that the case is one of 
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Intramural diverticula in the appendix 


the 
distal third of the appendix an extrusion 


chronic obliterative appendicitis. In 


of the lumen occurred, which sacculation 
runs up and down in the wall. This is an 
di- 
verticulitis yet. The diverticulum consists of 


intramural diverticulum—there is no 
an ancillary space in the wall possessing an 
intact mucosa. The ordinary appendiceal di 
verticulum is evident externally as a small 
projection which interrupts the contour of 
the organ; such diverticula can be multiple 
and are found anywhere along the appendix. 
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Fig. 4 


The intramural diverticulum is different: it 
is located in the wall; there are no pouches 
or irregularities on the surface.* 

The second appendix was one with a well 
formed lumen, (lig. 5, left). [Extending 
from a point near its mesenteriolum, there 
was a projection of the lumen, which was 


burrowing and infiltrating its way into the 


wall. It had progressed for a considerable 


distance around the periphery and had dis 
sected the wall into layers. The lesion was 


erosive in character, and the mucosa had 
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Reconstruction and microscopic sections of the appendix shown in Figure 4 


The 
sickle-shaped in outline. 

In the third 
diverticulitis was in the form of a crescent 


been saerificed, diverticulum was 


appendix, the dissecting 
situated in the outer limits of the wall (Tig. 
5, right). In the tissue available the lumen 
of the appendix was complete and the 
mucosa hyperplastic. The section was pre 
pared from a block cut near the distal third 
of the specimen. Serial examination revealed 
that the diverticulum had advanced from an 
origin in about the middle third. The whole 
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Fig. 5. 


wall of the specimen showed subacute in- 
flammatory changes. 


Summary 


The usual form of diverticulum represents 
a protrusion of the bowel lumen through its 
retaining wall, Such sacculation generally 
projects beyond the serosal surface of the 
intestine. “Dissecting (intramural) di- 
verticulitis” is a type in which the extrusion 
of the lumen is into the wall of the intestine. 
The herniation then burrows its way along 
the wall and dissects between the layers of 
the bowel. In the pathogenesis, intramural 


diverticulum precedes dissecting diverticuli 


tis, but the former may occur alone. 


examples encountered in the colon 
and three in the appendix are described. 
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Dissecting diverticulitis of the appendix 


The 


and of dissecting diverticulitis are identical 


features of intramural diverticula 


in the bowel and in the appendix. All are 


essentially of the “propulsion” type in their 


pathogenesis and of the “false” in structure. 


67 Main St. (Dr. Cunningham) 
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Bile Duct 


A review of the literature suggests that 
bile peritonitis may be caused by one of 
three types of perforation of the common 
bile duet: so-called spontaneous perforation 
of the common bile duct occurring without 
history of abdominal trauma, previous bil- 
iary tract surgery, or obstructing stones; 
late rupture of the extrahepatic ducts subse- 
quent to cholecystectomy, and traumatic rup 
of the The 


condition occurs very infrequently and is 


ture common bile duct. last 


usually fatal because of concomitant injuries 
to the liver, pancreas, spleen, and intestinal 


tract.’ Infrequent reports suggest the rarity 
of each condition. 


Report of a Case 


\ man aged 61 was admitted for the first time 
to the Presbyterian Hospital, Chicago, at midnight 
15, 1955, complaining of acute epigastric 
pain of 13 duration. He had 
the morning severe 


on Feb 
hours’ awakened 
with a cramping 


He vomited clear fluid throughout 


early in 
abdominal pain. 
the day 

The past history was relevant. Five years earlier 
the gallbladder had been removed because of gall- 
Since the operation the patient had ex- 
perienced intermittent attacks of upper abdominal 
with 


stones 


distress, associated dark-brown urine and 


light-colored stools 

Physical examination revealed a markedly de 
hydrated patient who was obviously in pain. There 
was a yellow tinge of the sclerae and skin. Tem 
perature was 103 F; pulse, 120 a minute; respira- 
tions, 24 per minute; blood pressure, 120/55. The 
heart and lungs were negative to percussion and 
auscultation. The abdomen was slightly distended 
There was marked tenderness with muscle spasm 
in the epigastrium and right upper quadrant of 
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the abdomen. No mass was palpated in the abdo 


men. The bowel sounds were normal 

Laboratory data included a hematocrit reading 
of 49% ; hemoglobin 16 gm. per 100 cc.; red blood 
cell count 5,000,000, and white blood cell count 
10,200, with a marked shift to the left in polymor 
phonuclear leukocytes. The urine was negative for 
sugar and albumin but gave a 4+ reaction for bile 
and a 1+ 


gravity was 1.125 


reaction for urobilinogen. The specific 


\ roentgenogram of the chest 


demonstrated normal lung fields. No free air was 
observed under the diaphragm. Blood for culture 
was obtained, which later revealed Escherichia 
coli organisms 

A few hours after admission the patient ex 


perienced a severe chill with a generalized tremor 
Because of marked dehydration and evidence ot 
fluids were 


clinical 


and penicillin 
impression 


infection, parenteral 
The 


ascending cholangitis with obstruction of the com 


administered was acute 


mon bile duct, probably due to stones 


During the early morning hours, the patient went 


into shock, exhibiting depressed blood 
(42/0) and a rapid pulse of 150 a minute 
temperature 106 F 
A levarterenol (Levophed) solution 
at 120 


acetylsalicylic 


pressure 
The 
rose to Some disorientation 
was present 
systolic blood 
baths 


temperature 


maintained — the 
Alcohol 
lowered 


pressure 


sponge and acid 
the 


proved the state of dehydration. In 


Intravenous fluids im 
view of the 
gravity of the situation and of the clinical suspicion 
concomitant bacteremia, and 


of a streptomycin 


intravenous broad-spectrum antibiotics were ad 
ministered after blood cultures had been drawn 
With the improvement of the patient's condition, 
With the use 
of local and general anesthesia, a right celiotomy 


Mary 


Although there was no large accumula 


surgical intervention was instituted 


incision was made adhesions were en 
countered 
tion of bile in the peritoneal cavity, the tissues of 
the gastrohepatic ligament were extremely edema 
tous and altered by the presence of free bile’ Here 
a dilated and tense structure, resembling the com 
When this 
was opened, a greenish-gray fluid escaped 
under pressure, along with a few small brown-black 


stones (2-3 mm. in diameter). A culture of the bile 


mon bile duct, was aspirated of bile 
tract 


was made. The well-organized tract easily admitted 
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--;Gall Stones 


Fig. 1.—Artist’s drawing made at autopsy demon 
strating the relative position of the well-organized: 
false tract to the common bile duct (duodenum 
reflected downward). Note stones in hepatic ducts 


a probe, which was thought to pass into the duo 
denum, but it was impossible to develop any pattern 
for the upper biliary ducts. While it was noted that 
the head of the pancreas was indurated, no definite 
stone was palpated in the region of the ampulla of 
Vater. The duodenum appeared normal. Because 
of the eritical condition of the patient a T-tube was 
placed in what was thought to be the common bile 
duct 

taken 


pouch 


No turther operative procedures were under 
\ Penrose drain was left down to Morison's 


lor a few hours after surgery the general condi 


tion of the patient improved; however, in spite 
of all supportive measures, death occurred some 1& 
hours postoperatively. It was of interest to learn 
that | 


aspirated at operation 


coli organisms were cultured from the bile 


The deseription of the pathology from the autopsy 


protocol follows: “There are many adhesions, 
particularly in the upper abdomen around the porta 
hepatis There is evidence of icterus in all tissues 
There is no accumulation of free bile in the upper 
Only a small amount of blood 
The 


present, having been removed previously. A 


perttoneal cavity 


tinged fluid is present gallbladder is not 


T-tube 
is present in a structure in the gastrohepatic liga 
ment, considered at operation to have been the 
common bile duct 


1) hes 


This well-organized tract (Fig 
parallel 
choledochus and ends blindly at 


lateral to and with the true 
both ends. The 
upper end reaches the porta hepatis, while the lower 
end terminates behind the duodenum and the head 
of the pancreas. It was observed that water in 
jected into the T-tube passed through the ampulla 
of Vater, Careful dissection revealed two pinhead 
sized perforations (Fig. 2) in the posterior lateral 


wall of the common bile duct which communicate 
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| 


---Common bile duct 


Fig. 2.—Lateral view of structures illustrated in 
Fig. 1 showing the perforations at A and B in the 
wall of the common duct and a stone lodged at the 
ampulla of Vater (stone was found actually m 
jejunum). 


with the false tract. The cystic duct is not recog 
nized as such. There are marked edema and bile 
staining of the tissues about the common bile duct 
The duct is medial to the false tract and is some 
what dilated. No stones are found in the distal 
portion of the duct, although there is a definite 
indentation at the ampulla of Vater, into which 
fits perfectly a brown stone (1 em. in diameter), 
found in the jejunum and apparently dislodged at 
operation 

“The liver weighs 1770 gm. Adhesions alter the 


capsule. The cut surface is brown in color and 


Fig. 3.—Photograph of autopsy specimen 
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glistening. Within the liver parenchyma, occupying 
the smaller bile ducts (Fig. 1), are many brown- 
black stones (2-3 mm.), similar to those observed 
in the false tract at operation. There is noted an 
increase in periportal connective tissue with chronic 
and subacute inflammation. There, are mild pro- 
liferation and dilatation of the bile ducts in the 
portal spaces. There is one section of the common 
bile duct illustrating a marked acute and subacute 
inflammatory reaction 

“Sections of the pancreas demonstrate an acute 
inflammatory reaction in the interstitial tissues with 
dilatation of the ducts containing debris and acute 
inflammatory cells. The pathological diagnosis was 
biliary cirrhosis, hepatolithiasis, acute and chronic 
inflammation of the biliary tree, perforation of the 
common bile duct with localized bile peritonitis 
and false tract parallel to the common bile duct, 
stone at ampulla of Vater (found in jejunum), and 
acute pancreatitis.” 


Comment 


In 1912, McWilliams? analyzed 90 cases 
of rupture of the biliary tract, in 4 of which 
the lesion was in the common duct. Gariepy,* 
in 1951, found in the literature 24 instances 
of perforation of that structure. It is of 
interest that 14 of these were secondary to 
choledochotomy and 10 were recorded as 
spontaneous. Two cases of the latter type 
were added. In the same year, Hart‘ re 
ported a case of spontaneous perforation of 
a gangrenous common bile duct in the ab- 
sence of stones, the localized area of gan- 
grene being thought to be due to necrosis 
caused by thrombosis of mural blood vessels. 
In 1954, Chodoff and Levin® reported the 
14th case of spontaneous perforation of the 


choledochus in the absence of 


trauma or 
previous cholecystectomy or common-duct 
exploration. Removal of a common-duct 
calculus, closure of the perforation, and 


T-tube drainage of the duct in a 75-year-old 


man resulted in survival. The same year, 
Muendel and Null® described the findings 


in the case of a 65-year-old man who was 
operated upon for bile peritonitis secondary 
to a spontaneous perforation in the common 
bile duct, located about 1 cm. distal to the 
cystic duct (pinpoint size). No calculi were 
found in the gallbladder, cystic duct, or 
explored common bile duct. Prompt  re- 
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covery followed T-tube drainage of the com 
mon bile duct and simple drainage of the 
peritoneal cavity. Postoperative cholangio- 
grams failed to demonstrate any calculi or 
obstruction. 

Fortunately, the incidence of postchole- 
cystectomy rupture of the extrahepatic bile 
In 1935, New 
burger? reviewed eight such collected cases 


ducts is rather infrequent. 


proved at operation or at autopsy and added 
a case of his own of late postoperative rup 
ture of the stump of the cystic duct. All the 
patients were women, with an age range 
Chole 
cystectomy had been performed in all, in 


from the third to the sixth decade. 


six of these combined with simultaneous 


choledochotomy. The interval between the 
last definitive operations on the biliary tract 
and the rupture varied from 12 days to 35 
years. Stones were present in the common 
duct in seven of these cases and were absent 
in two, The rupture in the cystic duct oe 
curred in four cases and in the common duet 
in five cases, Only two of these patients, 
both women, 55 and 42 years of age, re 
covered from bile peritonitis due to rupture 
of the common duct. It is of interest that in 
each case a previous choledochostomy had 
been carried out; morever, the diagnosis 
of rupture of the common bile duct was 
made preoperatively in the latter case. Wolf 
son and Levine * suggest that the cause of 
“spontaneous” rupture of the common bile 
duct is probably a subacute infectious pro 
cess at the site of the choledochostomy. With 
the drainage tube in situ, the development 


When the 


tube is removed and the common bile duet 


of such a process is unlikely. 


begins to heal, the granulations are soft and 
friable and the exudative covering weak and 
insecure. Any undue stress on the wall of 
the duct at this point because of increased 
pressure may cause a rupture, with second 
ary bile peritonitis. 

In 1943 Brunschwig ® described in detail 
two cases of postcholecystectomy rupture of 
bile the case of a 
67-year-old jaundiced woman, autopsy re 


the common duct. In 


vealed a 1 mm. perforation in a dilated 


- 
: 


common bile duct which contained a single 
faceted stone (1.4 cm. in diameter). In 
another patient, a 72-year-old woman, re- 
covery followed the removal of a calculus 
(1.5 cm. in diameter) located in the distal 
end of the dilated common duct. 

Isolated cases of a ruptured diverticulum 
of the common bile duct have been recorded, 
In 1939 Wernsdérfer ' described the per- 
foration of a diverticulum of the common 
bile duct just below the cystic duct. In a 
40-year-old man recovery followed the re- 
moval of small stones and T-tube drainage. 
In 1946, Blegen and Boyer '! published a 
case report of rupture of a diverticulum of 
the common duct which resulted in a fatality. 
ago, Walters and Snell 
indicated that, in spite of the dilatation of 
the common duct and inflammatory changes 
in its wall, rupture is rare. Rupture of any 
portion of the biliary tract usually results 
in bile peritonitis. McLaughlin ' has stated 
that increased pressure within the biliary 
tree from overlooked 


Some years 


is the most 
frequent basic factor in the production of 
bile peritonitis; however, strictures and new 
growths which occlude the biliary tree may 
contribute to perforation, 

In the stones or extensive 
changes in the extrahepatic biliary ducts, the 
pathogenesis of rupture is often unknown; 
however, “spontaneous” perforation of the 
common bile duct has been attributed to a 


stones 


absence of 


number of factors, namely, pressure necrosis 
of the wall of the duct in the presence of a 
caleulus and cholangitis; 
ductal 


intra- 
due to obstruction or to 
spasm of the sphincter of Oddi; digestion 
of the wall, due to reflux pancreatic juice 
through a common passage of bile and pan- 
creatic ducts; necrosis of a portion of the 
common duct wall secondary to thrombosis 
of mural vessels; degeneration of the cystic 
duct stump; presence of a diverticulum or a 
cyst of the common bile duct, and rupture 
of a weak segment of the duct wall, such as 
a vulnerable point resulting from common 
duct drainage. 


increased 
pressure, 


Many years ago Bruden '* 
suggested that small perforations develop as 
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the result of infection and calculus forma- 
tion in the glands of the common bile duct, 
accompanied by increased intraluminal pres- 
sure. Brunschwig has emphasized that the 
perforations in his cases were above a large 
stone and that observations at operation or 
autopsy indicated that these perforations 
were not due to direct pressure or necrosis 
from calculi. Moreover, instances of bile 
extravasation have been recorded in which 
bile leakage into the peritoneal cavity oc- 
curred without evidence of gross perfora 
tion. followed 
drainage, but more frequently autopsy has 


Recovery has sometimes 


revealed a small perforation, missed at opera 
tion. 

It is hardly necessary to emphasize that 
postcholecystectomy rupture of the common 
bile duct is usually associated with residual 
calculi or re-formed stones in the common 
duct. In a discussion of postcholecystectomy 
dyskinesia, Walters '® has emphasized that 
the most frequent causes of pain following 
cholecystectomy for cholelithiasis are over- 
looked stones in the common duct, as well 
as other conditions involving the biliary 
tree, namely, malfunction of the sphincter 
of Oddi, pancreatitis, and other remote ab- 
dominal or retroperitoneal lesions. Glenn '* 
has pointed out that common duct stones 
may be considered a complication of 
cholelithiasis, and that early surgical inter- 
vention in biliary tract disease, while stones 
are limited to the gallbladder, is the best 
prophylactic measure to prevent the passage 
of stones into the common bile duct. In 
1949, Davidson, Hirsch, and Angrist '* 
reported a 39% incidence of previous biliary 
tract operations in a series of patients found 
to have stones in the common bile duct. In 
1954, Waugh, Johnston, and Cain '* pointed 
out that in a group of 175 cases in which 
common duct stones were removed at opera- 
tion, 43 patients (27%) had a history of 
previous operation on the biliary tract. 
Hicken, McAllister, and Call ' reported that 
in a series of 550 patients having stones 
removed from one segment of the extrahepa- 
tic biliary system during the primary opera- 
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as 


tion, 110 patients (20% ) possessed residual 
intraductal stones, demonstrated by post- 
operative cholangiography. It is of further 


interest that in a group of 75 cases requiring 
common duct exploration for known stones 
(as in cases with reoperation) the incidence 
of overlooked stones was 21%. 

Palpation of the bile ducts may not always 
be an accurate method for the determination 
of the presence of intraductal calculi, and 
negative findings do not completely rule out 
their presence. In some cases mobilization 
of the duodenum will provide a more exact 
ing examination of the terminal portion of 
the common duct. Operative cholangiography 
has merit in the management of choledochal 
in that 
not only reduce the incidence of residual 


stones this examination may well 
calculi but also avoid a second operation. 
Postoperative cholangiography through a 
T-tube provides information concerning the 
complete removal of all choledochal stones 
at the first operation. Walters *? has indi 
cated that postoperative cholangiography is 
a valuable procedure in demonstrating 
lesions overlooked at operation, and is used 
in almost all cases of T-tube drainage of the 
duct. 
angiograms have indicated, in a high per- 
the of his 


recommended method of exploring the com 


common These postoperative chol- 


centage of cases, accuracy 
mon and hepatic ducts. 


The recent introduction of intravenous 
cholangiography of value even after 
cholecystectomy, permits the visualization of 
the common duct before serious symptoms 
develop. Silent stones are dangerous. 

It is possible that many of the complica- 
tions of gallstones could be avoided if the 
possibility of earlier surgical intervention 
were entertained by the medical practitioner 
or family physician. Cole,** Glenn and 
Hays,** and Colcock and McManus *° have 
all emphasized that patients with gallstones, 
asymptomatic or not, should receive early 
surgical treatment unless there is a_ real 
contraindication. According to Strohl and 


Diffenbaugh,” biliary tract disease is the 
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commonest condition requiring abdominal 
surgery in patients over 70 years of age. 
Although it is obvious that there is an in 
creased mortality when emergency surgery 
is performed on the aged, Horwitz,*7 in a 
review of gallbladder disease in the aged, 
stated that old age is no longer a reason for 
delaying surgical treatment. It should be 
instituted before old age is reached and be 
fore complications of acute infection, per 
foration, jaundice, hepatic 
develop. Because the patient’s symptoms are 
mild or latent, operation should not be post 


and disease 


poned until a serious situation arises. 

Many secondary procedures upon the 
biliary ducts might be avoided if at the 
time of cholecystectomy common bile duct 
exploration were carried out, especially if 
there is any suspicion of stones. Careful 
and thorough exploration of the common 
bile duct with removal of all stones at the 
initial operation certainly will minimize 
the possibility of later complications. 

It is fortunate that postcholecystectomy 
rupture of the common bile duct occurs 
infrequently; but when this condition de 
velops, a critical situation exists which war 
rants early surgical intervention combined 
with rigid supportive measures. 


Summary 


A case is reported of a 70-year-old jaun 
diced man whose admission diagnosis was 
acute advancing cholangitis with obstruction 
of the common bile duct due to probable 
stones. The past history included a cholecyst 
ectomy five years earlier. At operation, 
exploration revealed a localized bile perito 
nitis, presumably due to a perforation of 
the common bile duct; however, the true 
perforation was recognized only at autopsy. 
A false tract, considered to be the common 
few small stones and 


duct, contained a 


infected bile. T-tube drainage was carried 


out. Death occurred 18 hours after sur 


gery. It is of interest that a preoperative 
blood culture (later reported as showing I. 


coli organisms) corresponded to a positive 


culture of E. coli organisms found in the 


R11 


WARN, 
a 


bile aspirated at operation. ‘This finding 
suggested that the biliary tract was the 
source of the bacteremia. 

Because of the risk of a fatal outcome 
associated with rupture of the common bile 
duct, if celiotomy is not performed, surgical 
exploration is recommended as soon as the 
diagnosis seems apparent. Earlier operation 
in postcholecystectomy cases will result in a 
higher incidence of survival. 

Delay in surgical intervention in the treat- 
ment of gallbladder and common bile duct 
disease because of age is discouraged, as- 
suming there is no real contraindication. 

Careful examination of the common bile 
duct, operative cholangiography, and possi- 
ble choledochostomy are recommended at 
the time of cholecystectomy in the event of 
the presence of asymptomatic choledochal 
stones, 

The use of iodipamide sodium (Cholo- 
grafin) will effect roentgen visualization of 
the common bile duct in the presence or 
absence of the gallbladder and is highly 
recommended for the demonstration of com- 


mon duct pathology in the postcholecystec- 
tomy patient or for the identification of 
residual stones in the common bile duct. 

122 S. Michigan Ave. (3). 
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DAVID A. HOFFMAN, M.D., Philadelphia, Pa. 


The large majority of congenital eso- 
phageal atresias are amenable to resection 
of the atretic area and primary end-to-end 
esophageal anastomosis. The recent medical 
literature supports this conclusion almost 
without exception.’* In 1943 Haight * per- 
formed the first successful one-stage opera- 
tive repair of this and the 
essentials described by him are those present- 
ly employed by the majority of surgeons who 
treat cases of this type. Though mortality 
following this operation remains relatively 
high, the association of other anomalies, or 


anomaly, 


prematurity, or both very often are respon- 
sible for death.’* 
However, in the 
total or near-total 
manifest concern over the means of estab- 
lishing continuity of the esophagus. The 
mortality has been very high.’* Berg ® 
recently reported a case of near-total eso- 


newborn with either 


atresia there has been 


phageal atresia in which primary esophago- 
gastrostomy was successfully employed. Our 
experience with a similar patient, so man- 
aged, prompts this report. We believe this 
to be the second case of this type to be 
reported. In a personal communication with 
Dr. Robert Gross, we found that he had 
successfully displaced the stomach into the 
thorax for repair of an esophageal atresia 
on four occasions between 1951 and 1954. 
We are thus aware of six patients treated 
successfully in this manner. The technique 
described by Gross? was essentially that 
employed in the case presented. 


Report of a Case 


6 lb 
in the Carlisle Hospital on Jan. 13, 


(2722 gm.) white male infant was seen 
1956, six 
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Surgical Management of Near-Total Esophageal 


WILLIAM E, DeMUTH Jr., M.D., Carlisle, Pa.; MARY D. AMES, M.D., Harrisburg, Pa., and 


hours after birth. Delivery of the term infant, by 


Dr. William P. Stull, was uneventful. Excessive 
salivation and cyanosis were the presenting symp- 
toms. Roentgenograms revealed no air in the in- 
testinal tract, and iodized oil U. S. P. (Lipiedol) 
instilled into the pharynx outlined a blind esopha- 
geal pouch ending at about the level of the clavicles 
A diagnosis of esophageal atresia, without fistula, 
was made, and operation was carried out promptly. 

Procedure—A polyethylene catheter was placed 
in the greater saphenous vein at the left ankle 
With the patient in the left lateral decubitus posi 
tion, a right thoracotomy through the fourth inter 
space was carried out. A right-sided aorta was 
found. The azygos vein was doubly ligated and 
divided and the mediastinal pleura incised vertically 
The posterior aspect of the trachea was exposed, 
but no evidence of any fistulous communication 
was found. The proximal esophageal pouch was 
found without difficulty, but careful search of the 
mediastinum showed no evidence of a distal esopha 
geal segment until the diaphragm itself was ex- 
posed adjacent to the mediastinum. At this point 
a thin strand of fibrous tissue, which was about 1 
em. in length and which ended blindly superiorly, 
was visualized. Upward traction on this structure 


slightly tented upward the surface of the dia 
phragm. 


esophagus. Because of poor exposure, an incision 


This proved to be the vestigial distal 


in the seventh interspace was made through the 
same skin incision and the retractor placed here 
to afford better exposure. It that 
primary was impossible unless the 
stomach was mobilized and passed into the thorax 


was obvious 


anastomosis 


The diaphragmatic pleura was incised about this 
short protrusion of distal esophagus, into which 
a traction suture of silk was placed 
after blunt 


The stomach 


was elevated into the chest scissors 
dissection about the hiatus had been carried out 
The left gastric vessels were carefully isolated, 
ligated, and divided. A portion of the stomach, 
which easily reached the apex of the thorax, was 
delivered upward. A small button of tissue was 
excised from the distal end of the proximal esopha- 


geal pouch, and a similar section was removed 


from the cardia of the stomach, which lay higher 
than the tiny strand which represented the esopha- 
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geal remnant. A single-layer anastomosis between 
proximal esophagus and cardia was then carried 
out, using 00000 Deknatel, interrupted silk sutures 
through all layers. A No. 10 red rubber catheter 
was placed through the anastomosis prior to place 
ment of the anterior sutures. The diaphragm was 
carefully sutured about the antral region of the 
adjament stomach, using interrupted silk sutures 
Several silk sutures were used to fix the stomach 
A No. 
placed posterolaterally in the pleural space through 
«a low midaxillary intercostal stab wound and the 
chest closed with pericostal interrupted 000 chromic 
(gut) The 
were closed in layers with a continuous 000 chromic 


to the mediastinal pleura 16 catheter was 


absorbable surgical sutures muscles 
absorbable surgical (gut) suture and the skin with 
a continuous silk mattress suture 

Postoperative Course.—The nasogastric catheter 
hecame dislodged during extubation of the trachea, 
and, because of the fear of damaging the anasto 
mosis, it was not replaced. Hydration was accom 
plished by the intravenous route, and feedings of 
dextrose in water were begun on the sixth post 
operative day. A formula was begun on the eighth 
postoperative day 
were elevated by 


The child’s head and shoulders 
pillows throughout the hospital 
course, and the head of the crib was elevated at 
home after discharge. Eructations of gas following 

Fig. 1.-Photograph of child taken during first 
postoperative week 
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Fig. 2.—Roentgenogram showing barium study 
of intrathoracic stomach on 12th postoperative day 


feedings at first did not occur, but in about three 
weeks postprandial belching was noted, as in a 
child 
intervals for the first four postoperative days, but 
marked. No 
A thin 
barium mixture was given on the 12th postoperative 


normal Chest x-rays were taken at daily 


at no time was gastric dilatation 


respiratory embarrassment was experienced 
day (Fig. 2), and good emptying of the intra 
thoracic portion of the stomach was demonstrated 
The infant was discharged on his [8th postoperative 
day 

Follow Up Data 


at intervals since operation. 


The child has been followed 
The mother believed 
the child to have a sore throat because of occa 
sional apparent rejection of food. We wondered 
whether acid reflux into the pharynx might give 
rise to mucosal inflammation, although we could 
not demonstrate any abnormality on physical ex 
amination. With use of a Levin tube, passed under 
fluoroscopic guidance, a gastric analysis was done 
on Novy, 22, 


stomach 


1956, and no acid was found in the 
The head end of the crib is elevated & in., 
although no regurgitation is noted when the child 
Although 
small for its age, it is felt the child is not retarded 
He is taking solid food without difficulty 


lies flat on the floor during the day 


A barium 


study of the thoracic stomach, done on Dee. 15, 
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Fig. 3.—Photograph of child taken at one year of 


age 
1956, again demonstrated good peristalsis and satis 


factory gastric emptying (Fig. 4) 


Comment 


The desirability of correcting a near-total 
esophageal atresia by utilizing a one-stage 
that 


operation is obvious. It is apparent 


this anomaly may be so managed. Too, it 


would appear that the right thoracotomy ap 
proach could be used almost routinely in all 
strictures and atresias of the esophagus. 
This 


( Berg, ( ) 


conclusion — is supported by those 


who have corrected these 


anomalies in this fashion. This avoids the 
possibility that the more usual anomalies, 
when unexpectedly encountered, would have 
to be repaired through a left-sided approach, 

Another consideration seems important. 
Although we are dealing in this communica 
tion with virtually complete absence of the 
esophagus, any surgeon of considerable ex 
perience in this field has encountered cases 
of the usual type (Vogt IIL), in which, 


DeMuth et al 


Fig. 4.—Roentgenogram showing lateral view of 
chest with barium-filled stomach made at one vear 
ol age 


despite extensive dissection, the completed 


anastomosis has been under considerable 


tension. It is possible that some of the 
anastomotic leaks that oceur may be avoided 
if mobilization of the stomach is carried out 
with elevation of the portion of — the 
stomach above the diaphragm in order to 
avoid tension at the line of anastomosis. 
The long-term effect of placing the stom 
ach within the thorax, of course, will not 
be known for some years. In an extensive 
gastric mobilization of this type, the vagot 
omy effect must operate, and the absence 
of acid in the stomach of our subject would 
tend to corroborate this impression. How 
that 


children 


ever, it is known * acid levels in the 


stomachs of are lower than in 
adult stomachs, and it is possible that later 
in life these patients may elaborate gastric 
acid Whether acid peptic activity at the 
anastomotic site would operate to give rise 
to complicating ulceration or stricture, of 


course, 1s not known 
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Two points of technique are worthy of 
emphasis. The value of two intercostal in- 
cisions made through the single skin incision 
has been demonstrated in facilitating other 
procedures, and we believe the operation 
herein described will be made easier by the 
employment of the two-level approach. 
Second, careful attention to the left gastric 
vessels will facilitate the elevation of the 
stomach and eliminate the danger of serious 
bleeding should the vessels tear and retract 
beneath the diaphragm. Ligation and divi- 
sion should be carried out gently and under 
direct The degree of mobility of 
the stomach resulting from ligation and 


vision. 


division of the left gastric vessels makes 
satisfactory elevation of the stomach pos 
sible. 


Summary 
Thé one-stage surgical correction of a 


near-total atresia of the esophagus is re 


ported. This case is believed to be the 


second reported in the medical literature. 
Kollow-up results of gastric analysis and 


roentgen examination of the intrathoracic 
stomach at approximately one year of age 
are included, 

It is suggested that the technique em- 
ployed may be useful in certain of the com- 


A.M. A. ARCHIVES OF SURGERY 
moner types of esophageal atresia. Points 
of technique are briefly discussed. 

136 W. High St. (Dr. DeMuth). 
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in Experimental Hypothermia 


The potential value of hypothermia for 
surgical procedures necessitating extracor- 
poreal exclusion of the heart, as well as 
other conditions im which reduced oxygen 
requirement of tissues would be advantage- 
ous, is well recognized. Unfortunately, ac- 
counts concerning the application of this 
procedure in both humans and the experi- 
mental animal indicate that it is hazardous 
and unpredictable, resulting in death in an 
alarming number of instances. Despite nu- 
merous investigations related to physiologic 
processes during the hypothermic state, little 
information has been disclosed which might 
be conclusively interpreted as responsible 
for such failures. 

Anatomical investigations, similarly, have 
failed to reveal alterations which might be 
directly related to the fatalities encountered. 
In addition, results of morphologic studies 
have been largely contradictory. Early in- 
vestigators were impressed with the lack 
of overt morphologic change associated with 
Smith ! 
focal pancreatic necrosis in 10% of patients 


hypothermia. Sano and observed 


subjected to this procedure in the treatment 
of malignant neoplasms, and although elec 
trocardiographic alterations were encoun- 
tered, they could find no significant lesions 
in the heart at necropsy. They concluded 
that hypothermia was not attendant with 
significant morphologic alterations, a view 
2 


also held by Talbott and associates,? who 
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Pathologic and Histochemical Observations 


EDWIN R. FISHER, M.D.; E. J. FEDOR, Ph.D., and BERNARD FISHER, M.D., Pittsburgh 


believed that death was the result of fune 
rather than change. 
sernhard associates the 
livers of dogs subjected to occlusion of the 
hepatic artery during hypothermia by suc 
cessive needle biopsies and, aside from con 
gestion, did 
hepatic architecture. A 
failed to reveal change in hepatic glycogen 
following such a procedure performed under 
hypothermia.* 
that hypothermia was not associated with 


tional, anatomical, 


and examined 


disruption of 
study 


not observe 


subsequent 


Delorme® also concluded 
pathologic change in this species. 

On the other hand, some recent studies 
indicate that pathologic changes do result 
Indeed, Knocker® ob 


served depletion of hepatic glycogen and 


from hypothermia. 


increased lipid deposition in the liver, adre 
nals, and renal tubules of dogs subjected 
to hypothermia and has related these find 
ings to anoxia. Falkmer and Kjellgren ? 


attributed “slight” reversible hepatic 


alterations, evidenced by droplet formation 


also 


in hepatic cells, in hypothermic rabbits to 
hypoxia. Also, they 
changes considered representative of non 


observed adrenal 


specific stress. Sarajas and associates 
described degenerative changes in central 
portions of hepatic lobules in dogs sub 
jected to hypothermia, and in subsequent 


noted miliary necrosis in the 


reports 
myocardium. These latter lesions have been 
considered as possible sources of ectopic 
rhythms not infrequently observed during 
this state. It is of interest that these in 
vestigators ascribed these cardiac lesions 
to local ischemia, since portions of myocar 
supplied by Thebesian 


dium apparently 


veins were uninvolved. 
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Morphologic study of the effects of hypo 


thermia upon the vital organs of the dog- 


performed in our laboratory previously, 


utilizing routine oversight staining tech- 
niques, failed to reveal significant morpho- 
logic alteration in these structures, although 
focal pancreatic necrosis and subserosal 
petechiae were occasionally encountered"! 
In the light of the above reports, it was 
considered worth while to reexplore possible 
tissue changes in dogs subjected to hypo 
thermia by various histochemical procedures. 
Investigation of various enzymatic systems 
by such techniques appeared especially per 
tinent, since it is conceivable that many 
of the physiologic alterations, and perhaps 
even death, during this state and the re 
warming period may be the result of en 
zymatic failure. This report is concerned 
with such studies, dealing particularly with 
the liver, kidneys, and adrenal glands. In 
addition, some observations related to the 


heart and other organs will be made. 


Material and Methods 


Tissues from two groups of dogs of both sexes, 
weighing between 11 and 17 kg. and maintained on 
the usual laboratory diet of Friskies, were utilized 
in this study. All animals were fasted for 12 hours 
prior to the induction of hypothermia, Cooling 
was instituted by techniques previously described 
in detail elsewhere.” Briefly, this method consisted 
of immersing the animals in a water bath maintained 
at 4 C until the body temperature, as recorded by a 
deep rectal thermocouple, was reduced to 29 C 
Elimination of shivering was accomplished by light 
ether narcosis administered by the open-drop tech 
nique, Endotracheal tubes were inserted to ensure 
an adequate airway. Animals were then removed 
from the bath and placed in a_ thermostatically 
controlled cold room adjusted to maintain the rectal 
temperature at 23 to 24 C. In no instance when 
ether anesthesia was utilized was positive-pressure 
respiration necessary 

Group A consisted of 40 dogs subjected to hypo- 
thermia with ether anesthesia. Five animals were 
killed after 2, 4, 6, 9, 12, 18, 20, and 24 hours of 
hypothermia. Blocks of heart from the left 
ventricle and interventricular septum, lungs, liver, 
pancreas, kidneys, and adrenals were fixed in 10% 
formalin. Portions of each were processed and 
embedded in paraffin in the usual manner. Sections 
were stained with hematoxylin and eosin, and, in ad- 


dition, sections of liver, heart, kidneys, and adrenals 
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were stained by the periodic acid-Schiff method 
with and without prior digestion with barley malt 
Frozen 
sections of these tissues were stained with oil red O 
for the demonstration of neutral lipid. On occasion 
sections were stained with Nile blue sulfate for 
the differentiation of the sudanophilia of lipofuscin 
pigment and “true” lipid deposits. Similar tissues 
from six dogs subjected only to ether anesthesia 
for one hour were also examined by these methods 


diastase for the estimation of glycogen. 


Fourteen dogs comprised Group B. Seven were 
subjected to hypothermia with ether anesthesia, and, 
in a similar number, pentobarbital (Nembutal) 
sodium, 0.5 ml/kg., was utilized. Animals receiving 
the latter positive-pressure 
respiration during the experimental period. Wedge 
biopsy samples of the left lobe of the liver, the 
superior pole of the left kidney, and, occasionally, 
the left adrenal were obtained prior to the induc- 
tion and at 2, 8, and occasionally 12 hours of hypo 
thermia, and in many 


anesthetic required 


instances 3 hours after 
rewarming. The latter was accomplished by placing 
animals in a warm water bath (40 C). 
of these tissues were quick-frozen in carbon dioxide 
snow (dry ice) and sectioned at 10m in a cryostat 


Portions 


at 20 C for the demonstration of succinic dehydro 


genase, according to the method of Rosa and 
Velardo,” and oxidase (G-Nadi 
oxidase) with a substrate of a-naphthol and 
dimethyl-p-phenylenediamine HCL."* Sections for 
the determination of hepatic succinic dehydrogenase 


were also placed in substrate at 23 C for 1, 2, and 


cytochrome 


24 hours. Blocks were also placed in formalin and 
examined for glycogen and lipid as described above, 
and in 65% alcohol for the demonstration of alka- 
line phosphatase, as described by Gomori,” utilizing 
a one-hour incubation period. All sections from 
each animal were processed and stained simul- 
taneously. 


Results 


Groupe A.-Lungs.—-Congestion and focal 
atelectasis were observed in only four ani- 
mals, which were killed at 2, 6, 12, and 12 
hours. No significant pulmonary edema or 
inflammation was encountered. 
Heart.—-Sections from the heart stained 
with hematoxylin and eosin failed to reveal 
alteration in animals subjected to hypo- 
thermia. pigment did not 
appear in significant quantity within myocar- 
dial fibers at any period of hypothermia. 
I-xamination of the myocardium with oil red 
© revealed the presence of fine sudanophilic 
droplets within myocardial fibers of hearts 
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from dogs killed after nine hours (lig. 1). 
This appeared to represent an increase of 
neutral lipid from that observed in control 
sections and those obtained from animals 
killed at earlier periods. 

Although only scant amounts of myocar 
dial glycogen were noted after 14 hours of 
hypothermia, one animal revealed a normal 
store of this material when killed after 20 
hours. 


Liver.—Sections of liver stained with 
hematoxylin and eosin failed to reveal mor 
phologic evidence of hepatocellular damage. 
Congestion of peripheral, as well as central, 
sinusoids was noted in less than 10% of the 
animals and was most evident in sections 
from dogs killed after 12 hours of hypo 
thermia. In only one animal was this change 
associated with necrosis of central hepatic 
cells, and in this instance many lobules were 
spared from such alteration. Rare foci of 
hepatic necrosis were noted in midzones 
in two additional instances, one of which 
was from a control animal. So-called vacuo- 
lation of hypoxia was not observed. 
xamination for lipid revealed a slight 


increase of such material in hepatic cells 


Fisher et al. 


Fig. 1—Myocardium of dog subjected 
to hypothermia for nine hours, revealing 
deposition of fine lipid droplets 


ing black). Oil red O; 235 


only in specimens obtained from animals 
killed after four to six hours of hypother 
mia. The lipid appeared as fine droplets 
not exceeding 2-4 in diameter and were 
located particularly about portal areas. 

Hepatic glycogen was depleted in sections 
from all dogs killed after four hours, except 
in one instance. This loss appeared prin 
cipally in peripheral portions of the hepatic 
lobule. 


Pancreas.—\oeal, nonhemorrhagie pan 


creatitis with associated necrosis of peri 


pancreatic adipose tissue was observed in 
three animals killed at 2, 12, and 18 hours, 
respectively. Histologic examination did not 
afford evidence as to the etiology of this 
change. 
Kidneys.—Examination of these organs 
with hematoxylin and eosin failed to dis 
close metallaxis. The usual deposition of 
lipid within the straight segments of the 
proximal convoluted tubules, and occasion 
ally in glomeruli, was observed. In no 
instance was there an apparent increase in 
sudanophilia of the proximal convoluted 
tubules, although occasionally it appeared 
decreased from that noted in controls. Fx 


— 
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cept for mild deposits of this material in 
occasional collecting tubules of the outer 
medullary zone of two animals killed at 
12 and 18 hours, respectively, abnormal 
sites of lipid deposition were not encoun- 
tered. 


Adrenals.--No morphologic alteration was 
observed in these organs. The lipid content 
appeared depleted in the zona fasciculata 
and occasionally the zona glomerulosa in six 
of the glands obtained from dogs killed prior 
to six hours of hypothermia. Increased de- 
posits of this material were not encountered 
at any time interval. 

Group B.—-Examination of sections pre- 
pared from serial biopsies of liver, kidney, 
and adrenals of dogs comprising Group B 
and stained with hematoxylin and eosin 
failed to disclose significant morphologic 
alteration. Mild central congestion was ob 
served in liver biopsy specimens obtained 
from two dogs after two hours of hypother 
mia. This finding could not be correlated 
with ultimate survival of the animals. In 
another dog, all hepatic biopsy tissues, in- 
cluding the precooling sample, contained 
focal periportal necrosis. This animal also 
survived the episode of hypothermia. The 
results of the histochemical studies of the 
various organs are tabulated in the accom- 
panying Table and are described as follows. 

Liver-—Histochemically, demonstrable 
glycogen was depleted in all but one of the 
dogs studied. This change first appeared 
most frequently in samples obtained at 4 
hours, although in some instances it was not 
until & or 12 


observed hours, or in the 


Incidence of Hepatic Changes During 


Change 
Lipid Increase 
Glycogen Decrease 
Succinic dehydrogenase Decrease 
Cytochrome oxidase Decrease 


Alkaline phosphatase Increase 
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biopsy specimen obtained during the re- 
warming period. Depletion occurred prin- 
cipally in peripheral zones of the hepatic 
lobule (Fig. 2). In five of the animals com- 
plete loss of this substance was evident. In 
no instance in which depletion was observed 
was there any evident restoration of this 
substance in samples obtained after re- 
warming. 

There appeared to be a slight increase 
in hepatic lipid, as evidenced by the presence 
of fine sudanophilic droplets within hepatic 
cells, principally in portal areas (Fig. 3), 
in only one-third of the animals, appearing 
in specimens obtained at four or eight hours 
of cooling. Subsequent samples from these 
animals failed to reveal increased deposits 
of this material. Of note was the demon- 
stration of some neutral lipid in hepatic cells 
of control biopsy specimens in almost all 
instances. 

Fresh frozen sections utilized for the 
demonstration of succinic dehydrogenase 
which were incubated in the substrate at 
37 C revealed enzymatic activity in periph- 
eral portions of the hepatic lobule as dense 
purple crystalline deposits and sparser 
purple and light-pink crystals and granules 
in centrolobular zones (Fig. 4). A decrease 
of such activity was observed principally 
in peripheral areas in 11 of the 14 animals 
examined (Fig. 5). This change was ob- 
served with equal frequency in samples 
obtained after four or eight hours of hypo- 
thermia and was also evident in subsequent 
rewarming specimens. In one animal de- 
pletion was not encountered until 12 hours 
of cooling. Total loss of enzyme was not 


Hypot 


Period of Hypothermia, Hr. 
% Revealing 
4 s 12 Change 


2 35.6 


3 
2 


92.8 


* Three hours after rewarming 
# Only nine rewarming samples examined. 
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encountered in any instance. Control and 
experimental sections of liver placed in the 
substrate for the demonstration of succinic 


dehydrogenase at 23 C revealed incomplete 


reduction of neotetrazolium at two hours, 
characterized by pink coloration of cell cyto- 
plasms. Reduction was considered complete 


Fig. 3.—Fine deposits of lipid (appear 
ing black) principally in periphery of 
hepatic lobule of dog subjected to hypo 
thermia for four hours. Oil Red O; 


120. 


lisher et al 


Fig. 2.—Section of liver from dog 


after eight hours of hypothermia, reveal- 
ing absence of glycogen in periphery of 
hepatic lobules (appearing unstained). 
Periodic acid-Schiff; 100 


at 8-12 hours in these samples, whereas in 
those sections incubated at 37 C, as pre 
scribed by the technique, maximum activity 
was apparent as early as one-half hour, 

G- Nadi 


altered, appearing in most instances to be 


oxidase was less consistently 


of normal distribution and intensity; only 
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Fig. 4.—Sucecinic dehydrogenase in pre 
cooling sample of dog liver. 4 130 


in three instances Was a change observed, 


and this paralleled that noted with succinic 


dehydrogenase. 


Alkaline phosphatase appeared pre 


cooling samples as fine black deposits out- 


lining peripheral bile capillaries; within 
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nuclei, nucleoli, endothelium of peripheral 
sinusoids, and occasional interlobular portal 
veins, and in epithelium of bile ducts (Tig. 
6). Cytoplasmic deposits in almost all in- 
stances were faint and confined to cells of 
peripheral change 


areas. significant 


Fig. 5.- 
genase principally in periphery of hepatic 
lobule of same dog as that depicted in 
Figure 4. 
eight hours of hypothermia 


Depletion of succinic dehydro- 


siopsy sample obtained after 
130 
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from this pattern was noted except in the 
samples obtained after rewarming in five 
of nine animals in which a biopsy at this 
time interval was performed. In the latter, 
cell cytoplasms in central as well as periph 
eral portions of the hepatic lobule stained 
deep gray to black (Fig. 7). 


lig. 7.—-Increase of cytoplasmic alka 
line phosphatase 
black) in liver of same dog 
picted in Figure 6. Biopsy 
hours 


gray and 
as that de 
sample ob 


(appearing 


tained three after rewarming 


215 


Fig. 6.—Distribution of alkaline phos 


phatase (appearing black) in liver of dog 


hefore hypothermia. * 215 


None of the hepatic changes noted could 
be correlated with survival or type of anes 
thetic employed. 

Kidney.—Serial biopsies of the 
failed to reveal any alteration in lipid depo 
sition from that noted in precooling samples 
and deseribed in detail above (Group A). 


kidney 
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Similarly, there was no apparent change 
in succinic dehydrogenase, G-Nadi oxidase, 
or alkaline phosphatase activity within the 
kidney, the first two appearing in proximal 
and distal convoluted tubules and ascending 
limbs of Henle, and the last being confined 
to the brush border of the first segment of 
the proximal convoluted tubules. 


Adrenals._-A slight depletion of sudan- 
ophilic material was observed in cells of 
the zona fasciculata, and occasionally the 
zona glomerulosa, in four of the six ani- 
mals in which biopsy specimens of this 
organ were obtained, appearing most evident 
in the two-hour specimens obtained from 
which ether anesthesia 


animals in was 


utilized. 


Comment 


The results indicate that prolonged hypo- 
thermia, as utilized in this study, is not 
attendant with overt morphologic alteration 
in such vital organs as lungs, kidneys, ad- 
renals, heart, and liver, except for the rare 
finding of congestion in the liver. The oc- 
currence of focal pancreatic necrosis in 
approximately 10% of the animals in which 
this organ was examined is similar to our 
previous observations,'' as well as those of 
Sano and Smith? in humans subjected to 
hypothermia. Morphologic study failed to 
disclose any cause for this pancreatic change 
which may be related to decreased pancreatic 
blood flow during this state, as suggested 
by Sano and Smith." It is also possible that 
this change may be analogous to that noted 
by Selye'® in rats subjected to nonspecific 
stress. That the latter may ensue during 
the course of hypothermia is suggested by 
our observation concerning adrenal lipid in 
this and previously recorded studies.'7 

The lack of morphologic alteration of 
myocardial fibers differs from the results 
of Sarajos and associates,®"” who found 
varying degrees of myocardial necrosis al- 
universally in dogs subjected to 
for four hours and_ killed 
immediately or after varying periods sub- 
from hypothermia. 


most 
hypothermia 


sequent to recovery 


824 


A, M. A. ARCHIVES OF SURGERY 


Intact subendothelial myocardial fibers sug- 
gested to them that these lesions were the 
result of myocardial, but not necessarily 
generalized, hypoxia, resulting perhaps from 
decreased coronary flow during hypother- 
mia. It appears significant that these in- 
vestigators emphasized that these lesions 
occurred principally in papillary muscles 
and the anterior surface of the right ven- 
tricle, as well as the apex. Since only one 
section from the left ventricle, including a 
portion of the septum, was examined in this 
study, it is conceivable that the differences 
encountered may be the result of sampling. 
Nevertheless, we are unable to relate con- 
clusively our limited histochemical studies 
of the myocardium to anoxia. An apparent 
increase of myocardial lipid was observed 
only in animals subjected to hypothermia 
for nine or more hours. Also, myocardial 
glycogen appeared to be depleted after 14 
hours, although this change was not as con- 
sistent as the former. The deposition of 
lipid in the myocardium coincides chrono- 
logically with the observations of Kent and 
Diseker,’* who noted such an alteration in 
the myocardium of dogs subjected to liga- 
tion of the anterior descending coronary 
artery, but, unlike our findings, these in- 
vestigators also noted a depletion of gly- 
cogen to occur as early as two hours after 
such a procedure. Further, we did not en- 
counter periodic acid-Schiff, diastase-resis- 
tant material described by these authors as 
occurring subsequent to the loss of glycogen 
and prior to the deposition of lipid. It 
appears significant that the animals studied 
by Sarajas and associates *' required arti- 
ficial respiration, whereas the animals in 
this study in which the heart was examined 
did not require such assistance. This indi- 
cates that differences encountered in various 
reports may be in large part dependent upon 
variations of technique employed. Further 
systematic studies of this structure utilizing: 
histochemical, as well as classical histologic, 
techniques appear warranted. 


The results concerning the deposition of 
lipid in hepatic cells in animals of Group A 
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suggest that there is an increase or phan- 
erosis of this substance within the liver 
during hypothermia. However, the frequent 
occurrence of lipid in precooling samples 
from dogs in which serial biopsies were per- 
formed emphasizes the difficulty of making 
such estimates without knowledge of the 
status of the liver in each individual animal 
prior to hypothermia. Increase of hepatic 
lipid occurred only in one-third of the ani- 
mals in which such information was avail- 
It never achieved the proportions 
Knocker® and notably was 


able. 
depicted by 
observed only in livers from dogs subjected 


The 


depletion of hepatic glycogen which per 


to cooling for four or more hours. 


sisted during the observed period of re- 
warming is in agreement with biochemical 
investigations concerned with hepatic gly- 
cogen during hypothermia and rewarm- 
Exploration of specific enzyme 
systems concerned with glycogenesis and 


ing.1%.20 


glycogenolysis may afford information con- 
cerning the mechanism of this phenomenon. 

Although the exact physiologic signifi- 
cance Of nonspecific alkaline phosphatase 
has not been conclusively demonstrated, 
the change in this enzymatic activity ob- 
served in this study is of interest. Its in- 
crease within cell cytoplasms in more than 
one-half of the animals after rewarming is 
unlikely to be the result of diffusion artifact, 
since all samples were processed and stained 
simultaneously. Its appearance is similar to 
that observed in livers of starved or protein- 
deprived rodents *" and has been interpreted 
as indicating an intensification of metabolic 
processes dependent upon such enzymatic 
activity which is not taking place under 
normal conditions, a situation which may 
be operative during the rewarming phase of 
hypothermia. In addition, this distribution 
of enzyme is unlike that observed in ne- 
crotic or severely damaged hepatic cells, 
under which circumstances there is no in- 
crease of cytoplasmic alkaline phosphatase 
activity. 

The moderate depletion of histochemically 
demonstrable succinic dehydrogenase in the 


Fisher et al 


livers of more than three-fourths of the dogs 
after four hours of hypothermia provides 
evidence for the contention that 
of enzymatic activity within the liver may 
occur during hypothermia and may reflect 
the decreased demand for oxygen during 
this state, as suggested by Delorme.® The 


decrease 


importance of this oxidative enzyme in 
many metabolic processes may also explain 
the quantitative decrease of various hepatic 
function tests performed during the hypo- 
thermic state 7* and may be related to the 
decreased oxygen consumption of liver slices 
observed during hypothermia.2® Unlike the 
latter studies, however, restoration to normal 
was not observed in the immediate rewarm 
ing period. It is also possible that greater 
suppression of such enzymatic activity may 
occur during the course of hypothermia 
than is appreciated by its in vitro demon 
stration at 37 C. Although the results of the 
histochemical studies performed at 23 C 
suggest such an effect, it does not appear 
warranted at present to make such an in 
ference to the in vivo activity of this en 
zyme at a similar temperature. 

It is significant that the hepatic alterations 
described do not appear related to survival 
from hypothermia. Further, the fortuitous 
observation of hepatic necrosis in control 
and subsequent hepatic biopsies from a dog 
surviving prolonged hypothermia suggest 
that preexisting hepatic damage of this de 
gree may not have an unfavorable effect on 
the course of this procedure, a consideration 
recently stressed by Bernhard and associ 
ates.* The appearance of alterations in the 
liver only after relatively prolonged periods 
of hypothermia indicates that the latter does 
not represent a true state of suspended 
animation, but that alteration may ensue 
during its course, if prolonged. The occur 
rence of changes in succinic dehydrogenase, 
lipid, and glycogen, and to a less marked 
degree cytochrome oxidase, in cells of pe- 
ripheral portions of the hepatic lobule is 
taken as evidence that these alterations are 


Manifestations 


not the result of hypoxia. 
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of the latter are well recognized as being 
centrolobular in distribution. 

The lack of morphologic alteration within 
the kidney agrees with the findings of 
Delorme® and Gowing and Dexter in 
experimental animals, and Sano and Smith ? 
and Talbott and associates * in humans. In 
addition, tubular succinic dehydrogenase, 
cytochrome oxidase, and alkaline phospha- 
tase activity appeared intact. Renal lipid 
appeared to be of normal intensity and dis 
tribution within the straight segments of 
proximal convoluted tubules, as deseribed 
by Vulpian ** as early as 1862. The resis 
tance of the kidney to hypothermia is fur 
ther emphasized by recent studies which 
indicate that this state lessens the degree 
of renal damage following experimentally 
induced renal ischemia.** Since renal esterase 
activity, an enzyme which may play a role in 
the concentration of urine,”° was not evalu- 
ated, our results are not contradictory to 
the studies by Segar and associates,” which 
indicate a failure of this renal function dur- 
ing the hypothermic state, 

It may be concluded from these observa- 
tions that hypothermia as utilized in these 
studies does not produce consistent, or 
apparently significant, morphologic altera 
tions of vital organs appreciable by routine 
staining techniques. Those alterations en- 
countered by more specialized techniques are 
not stereotyped and appear, for the most 
part, only after prolonged periods of hypo- 
thermia. Further, they cannot be adequately 
explained on the basis that hypothermia is 
Most 


significant is the failure to relate the cause 


attendant with generalized hypoxia. 


of death during hypothermia directly to any 
one or several of these changes. 
Summary 


the heart, 
lungs, adrenals, kidneys, and pancreas of 


Histologic examination of 
40 dogs subjected to hypothermia with ether 
anesthesia for periods varying from 2 to 24 
hours failed to reveal significant morpho- 
logic alterations in preparations stained rou- 
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tinely with hematoxylin and eosin, except 
for the presence of focal pancreatitis in less 
than 10% 
propriate 


of the instances. However, ap 


staining techniques revealed a 
slightly increased deposition of lipid and 
depletion of glycogen in peripheral portions 
of hepatic lobules of dogs killed after four 
to six hours of hypothermia. A similar in- 
crease in lipid and depletion of glycogen 
killed 
after 9 and 14 hours, although exceptions 
with regard to the latter were not infre 
quent, 


was observed in hearts of animals 


Depletion of adrenal cortical lipid 
was also noted in dogs killed prior to six 
hours. 

Serial biopsies of liver, kidney, and, in 
some instances, adrenal glands of an addi 
tional 14 dogs obtained at 2, 4, 8, and 12 
hours of hypothermia, and after 3 hours 
of rewarming, revealed changes similar to 
that 


served 


noted above. In addition, it was ob- 
that 


histochemically demonstrable hepatic gly 


there was no restoration of 
cogen in the period of rewarming studied. 
Histochemically demonstrable succinic de- 
hydrogenase appeared decreased in periph 
eral portions of hepatic lobules in’ biopsy 
four hours of 


cooling and similarly failed to return. to 


specimens obtained after 
normal in the rewarming period. Hepatic 
alkaline phosphatase appeared increased in 
cell cytoplasms only in the biopsy samples 
obtained during rewarming in than 
one-half of the animals. studied. 

The resistance of the kidney to hypother- 
mia was revealed by lack of alteration in 


renal lipid and tubular succinie dehydro- 


genase, cytochrome oxidase, and alkaline 
phosphatase. 

These findings are discussed, and it is 
concluded that hypothermia is not attended 
by pathologic alterations which might be 
interpreted as resulting from anoxia. It is 
significant that no correlation between these 
changes and from 


survival hypothermia 


could be made. 
VA Hospital, University Dr. (40). 


Vol. 75, Nov., 1957 


ws 
| 
an 


EXPERIMENTAL HYPOTHERMIA 


REFERENCES 


1. Sano, M. E., and Smith, L. W.: A Critical 
Histopathologic Study: Fifty Post-Mortem Pa- 
tients with Cancer Subjected to Local or General- 
ized Refrigeration Compared to a Similar Control 
Group of 37 Nonrefrigerated Patients, J. Lab. & 
Clin. Med. 26:443, 1940 

2. Talbott, |. H.; Consolazio, W. \ 
LL. J.: Hypothermia: Report of a Case in Which 
the Patient Died During Therapeutic Reduction of 
tody Temperature, with Metabolic and Pathologic 
Studies, Arch. Int. Med. 68-1120, 1941 

3. Bernhard, W. F.; MecMurrey, J. D., and 
Curtis, G. W.: Feasibility of Partial Hepatic Re 
section Under Hypothermia, New England |. Med 
253:159, 1955 

4. Bernhard, W. F.; Cahill, G. F., Jr 
G. W 
in Certain Patients with Severe 
Disease, Ann. Surg. 145:289, 1957 


, and Pecora, 


and Curtis, 
Rationale of Surgery Under Hypothermia 
Hepatocellular 
5. Delorme, FE. J.: Experimental Cooling of the 
Blood-Stream: Preliminary Communication, Lancet 
2:914, 1952. 

6. Knocker, P 
thermia on Vital Organs, Lancet 2:837, 1955 


Effects of Experimental Hypo- 
7. Falkmer, S., and Kjellgren, J.: Morphologic 
and Functional Changes Under Hypothermia, Acta 
Soc. med. upsal. 60:199, 1955 

8. Sarajas, H. S. S., and Nilsson, T. E.: Beo- 
bachtungen uber die Pathologie der experimentellen 
Iiypothermie beim Hunde, Verhandl. deutsch 
Gesellsch. inn, Med. 60:118, 1954 

9 Sarajas, H. S. S.: Evidence for Heart Dam 
age in Association with Systemic Hypothermia in 
Dogs, Am. Heart J. 51:298, 1956 

10. Sarajas, H. S. S.; Senning, A., and Kaplan, 
|.: Heart Damage in Dogs Subjected to Hypo- 
thermia, Circulatory Arrest, and Cardiac Surgery, 
Am. Heart J. 52:836, 1956 

ll. Fisher, E. R.: Unpublished observations 

12. Fisher, B.; Russ, C.; Fedor, F.; Wilde, R.; 


Engstrom, P.; Happel, J., and Prendergast, P.: 
Prolonged 


71 :431, 1955 


Experimental Evaluation of 
thermia, A. M.A. Arch 


Hypo- 
Surg 


Fisher et al 


13. Rosa, C. G., and Velardo, J. 1 Hi. 
chemical Demonstration of Succinic Dehydrogenase 
Activity in Tissue Sections by a Modified Teel 
nique, |. Histochem. 2:110, 1954 


14. Lillie, R. D.: Histopathologic Technic and 
Practical Histochemistry, New York, The Blaki 
ston Company, 1954 


15. Gomori, G Microscopic Histochemistry 


Principles and Practice, Chicago, University of 
Chicago Press, 1952 

16. Selye, H.: The Physiology and Pathology 
of Exposure to Stress, Montreal, Acta, Inc., 1950 

17. Fisher, E. R.; Fedor, E. [., and Fisher, B 
Stressor Effect of Hypothermia in the Rat, Am. | 
Physiol., to be published 

18. Kent, S. P., and Diseker, M Myo 
cardial Ischemia: Study of Histochemical Changes 
in Dogs, Lab. Invest. 4:398, 1955 

19. Fisher, B.; Fedor, E. J.; Lee, S. H.; Weitzel, 
W.K.; Selker, R., and Russ, C 
Effects of Short- and Long-Term Hypothermia 
upon the Liver, Surgery 40:862, 1956 
A., and Crismon, J. M.: The 
Influence of Acute Hypothermia on the Rate of 
Oxygen Consumption and Glycogen Content of the 
Liver and the Blood Glucose, Am. J. Physiol. 149 
552, 1947 

21. Wachstein, M Dietary Defi 
ciencies and Various Poisons on the Histochemical 


Karly 


Phy siologic 


20. Fuhrman, F 


Influence of 


Distribution of Phosphatase in the Liver, Arch 
Path. 40:57, 1945 

22. Hallett, FE. B.: Effect of Body 
Temperature on Liver Function Splanchnic Blood 
Flow in Dogs, S. Forum 5 :362, 1954 

23. Gowing, N. F. C 
Renal 
Hypothermic Rats, | 

24. Vulpian, A 
a l'état normal dans les reins et dans e’ urine des 
chats et des chiens adultes, Compt. rend. Soc. biol 
3:267, 1862 


Decreased 


effects 
Ischaemia in Normal and 
Path. & Bact. 72:519, 1956 


, and Dexter, D 
of Temporary 


Sur la Presence de la graisse 


25. Longley, J. B.: Personal communication to 


the authors. 

26. Segar, W 
I. Ge 
Am. | 


E.; Riley, P. A., Jr, and Barila, 


Urinary Composition During Hypothermia, 


Physiol. 185 :528, 1956 


a 
3) 
4 
5 
18. 
827 


Whiplash Injuries of the Head and Neck 


Clinical and Medicolegal Considerations in Management 


C. D. HAWKES, M.D., Memphis, Tenn. 


Injuries in which the unfixed head and 
neck are suddenly jerked by abrupt arrest 
of the body in motion, or sudden propul- 
sion of the body from rest, have come to 
be designated as “whiplash injuries.”” Such 
injuries were perhaps first recognized when 
in World War | the Navy began to launch 
planes from the decks of battleships and 
cruisers by catapult. The problem was 
quickly met by the provision of a protec- 
tive headrest for the pilot plus an ade- 
quate shoulder harness. In the present era, 
however, the bulk of whipping injuries to 
the head and neck are the result of motor 
vehicle accidents, particularly rear-end col- 
lisions, which constitute about 15% of such 
accidents. Unfortunately, this serious prob- 
lem has not had the same prompt solution 
through preventive measures that the Naval 
Hight surgeons brought to bear on theirs. 
Indeed, in spite of the graphic demonstra- 
tions and urgings of medical investigators ' 
and consumers’ organizations,” both the gen 
eral public and the automobile manufactur- 
ers have exhibited a surprisingly apathetic 
attitude toward safety devices which would 
almost certainly lessen the incidence of such 
injuries, 

The application of the term “whiplash” to 
the injuries has made them dramatic not 


only to the ladies and gentlemen on juries 


in personal-injury suits, but also, because of 
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the publicity given personal-injury suits in 
cases of this type and the magnitude of the 
awards given to the plaintiff, to the general 
public as well. The layman has come almost 
to expect neck trouble when he is involved 
in an automobile collision, and if it does 
not result, he may be even a little disap 
pointed, All this creates a problem for the 
treating or examining physician in that he 
must weigh possible psychosomatic aspects, 
and even motivation for gain, in determin- 
ing whether the patient’s complaints are all 
valid or may be subconsciously or con 
sciously aggravated. 


Mechanism of Injury 


In order to understand and evaluate the 
whipping injury of the head and neck, it 
is important to analyze just what happens. 
The term “whiplash injury” has been gen- 
erally used as synonymous with neck sprain. 
In many instances this is justifiable, but the 
injury may be more than merely that. In- 
deed, any such injury of moderate or 
greater magnitude probably involves also 
the structures of the head and upper thoracic 
spine and shoulders, as well as those of the 
neck proper. 

In the usual whiplash injury, the body 
is either thrown suddenly into motion from 
rest (accelerated) or stopped abruptly from 
The free head and 
neck lag through their own inertia and are 
subjected to a peak of force at the limit of 
their stretch as they drag along after the 
body. Almost as soon as this point is 
reached, the motion of the body slows or 
stops, and the head and neck are whipped 
in the opposite direction, partly through 
their own inertia once more and_ partly 


motion (decelerated ). 
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WHIPLASH INJURIES OF HEAD AND NECK 


Fig. 1.—The mechanism of whiplash injury in 
rear-end collision, as described in text. Initial 
hyperextension and then flexion occur. 


through the reflex efforts straining against 
the initial force. If the violence is great, 
several oscillations may occur before the 
head and neck are stabilized. 

In the rear-end collision, the 
body is abruptly accelerated by the force 
imparted to it through the back of the seat 
of the car. The cushioning of the seat ac- 
tually tends to impart a peak to this acceler- 
ation.® The head and neck, and also the 
shoulders and upper thorax, are hyperex- 
tended as they lag behind and are subjected 
to a peak of force as the limit of tolerance 
is reached (Fig. 1). In the case of the 
driver the effects on the shoulder girdle 
may be somewhat lessened by his grip on 
the wheel. By this time the vehicle has 
stopped, and it is to be hoped the seat has 
stopped as well.’° The victim, however, con- 
tinues forward, dragging his head and neck 
behind him, decelerating to a fairly abrupt 
stop either through his own muscular re- 
flex bracing or through striking the steer- 
ing wheel, and his head and neck are 
whipped forward to suffer another shock of 
force at the limits of hyperflexion. The fric- 
tion afforded by the weight of the patient's 
body against the seat under him also con- 
tributes to stopping the body before the head 
and neck. Finally, at the termination of 
flexion the head and neck are whipped back 
into hyperextension, or several oscillations 
may occur before they come to rest. 

An explanation of the mechanics of whip- 
lash injury which describes initial flexion 
occurring as the result of thrust from be- 
hind ®* (Fig. 2) does not seem tenable. It 
is contrary to the principles of medical 
physics as applied to the situation.* Clinical 


common 


Hawkes 


Fig, 2.—Improper representation of the mecha 
nism of whiplash injury which has often been de- 
scribed. This is contrary to the principles of 
medical physics and represents, rather, what hap 
pens in a head-on collision. 


initial 
hyperextension can be found in the history 
given by patients sustaining a whiplash in 
jury while riding in a small truck struck 
from the 
describe the head as being just thrown back 


confirmation for the occurrence of 


rear. These patients uniformly 
against the rear window of the cab. 
Accepting the mechanism of whiplash in 
jury as described in this paper, it is pos 
sible to analyze what damage may occur to 
‘ach of the anatomical units mentioned in a 
fairly violent crash, Even if the head strikes 
nothing, it is subjected to considerable forces 
of acceleration and deceleration, which have 
been shown to be important in injury to the 
unfixed head,’ and also to considerable stress 
at the atlanto-occipital junction, The patient 
often describes being briefly stunned or 
blacking out, and apparently may sustain 
actual concussion, That this should occur is 
made much more understandable by recent 


demonstrations that concussion is primarily 
the 
neck, its muscles and ligaments undergo 


a brain-stem phenomenon.** As_ for 
the 
injuries, probably actual tearing. 
Under these circumstances, there may be 


stretching and strain, and, in more 


violent 


injury to the vertebral arteries, rupture 
of smaller vessels (particularly along the 
anterior surface of the spine), stretching of 
nerves, and, more rarely, injuries to the 
vertebral volumn itself, with occasional pull- 
ing off of small fragments of a vertebral 
body or dorsal process, intervertebral disk 
injury, or, most rarely, dislocation. If the 
arms are free, the upper thoracic spine is 
hyperextended and then hyperflexed, with 
some attendant stretching and strain of the 
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upper back musculature, although the fixa- 
tion of this portion of the spine by the 
The 


muscles by which the shoulder girdle is 


thorax will protect to some degree, 


hung will likewise be subjected to stretch 
and strain, and such effects on the shoulder 
girdle may cause injury to the nerves of 
the brachial plexus. However, it should be 
remembered that in the ordinary rear-end 
collision, which may do two or three hun 
dred dollars’ worth of damage to the car, 
the degree of force involved is usually only 
great cause the neck 


enough to sprain 


which may be considered the common, 
everyday result of the usual whiplash in- 
jury, 

In evaluating the degree of trauma which 
the patient has sustained to any of the 
structures which may be involved in_ the 
whipping injury, one must know whether 
the forces were applied in a direct anterior- 
posterior or posterior-anterior direction or 
whether torsion was involved, whether the 
victim knew the crash was coming and was 
braced for it, whether he was holding on to 
something or his arms were free, whether 
his head was struck when hyperextended 
(already mentioned as common in- small 
trucks), whether the head was struck on the 
forward stretch (as against the windshield ), 
whether the patient was held by a seat belt 
or checked by the steering wheel, and how 
rapidly the arresting effect or deceleration 


which determines the degree of the whipping 
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effect occurred, 


simple one, 


The problem is rarely a 


Clinical Considerations in Treatment 


Once the patient has been evaluated in 
regard to the mechanism of injury in the 
particular accident in which he was involved 
and the degree of trauma to the affected 
structures assessed, it is important to size 
him up as an individual. This is necessary 
because of the considerable publicity which 
has been given injuries of this type, making 
for more psychosomatic complications and 
malingering problems than arise in’ most 


accident cases, Obviously, if it is believed 


the patient has sustained an actual conecus 
sion or a severe neck sprain, hospitalization 
may be indicated ; but in some patients with 
a relatively minor neck sprain hospitaliza- 
tion may only heighten the emotional dis 
tress caused by the accident and result in 
prolongation of complaints and disability. 
X-ray examination is of great importance. 
In addition to the conventional anteropos 
terior and lateral views of the cervical spine, 
right and left oblique views and films in 
the lateral projection with the neck flexed 
With these 


studies, paraspinal hematomas, small frac- 


and extended are recommended. 


tures where a fragment is pulled loose, and 
proper demonstration of muscle spasm are 
possible. The validity of interruptions of the 
normal curvature can be demonstrated by the 


Lateral cervical spine x-ray with head in flexed, neutral, and extended positions 


The apparent flattening of the curve in the neutral position is not borne out in the flexed and 
extended positions, indicating that it is not the result of true muscle spasm 
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flexion and extension films, and if there is 
true muscle spasm, it should be reflected in 
all of these views (Fig. 3). X-rays should 
be made early in order that changes due to 
preexisting injury or disease can be recog 
nized and established; later on it may be 
difficult to determine whether they were 
already there or are the result of the in- 
jury under consideration, 

If there has been a concussion or if the 
rare ruptured disk or fracture has occurred, 
the treatment of these problems must take 
precedence and usually offers no great difh 
culty, Treatment of the injured muscles 
and ligaments, on the other hand, requires 
considerable care if discomfort and disabil 
ity are to be shortened as much as possible. 
Rest, 
analgesics can certainly be efficaciously em- 
ployed. 


heat, and massage, sedatives, and 
If there is marked muscle spasm, 
traction is helpful, but its long-continued 
use may prolong disability, particularly if 
the patient is using it to relieve tension 
headache, persisting long after the muscle 
spasm produced by the injury itself. It has 
been said that traction may promote sub 
luxations in the cervical column of patients 
following neck sprain!; this does not ap 
pear tenable, since all the long and_ short 
ligaments that support the spine tend to 
align the vertebral column when stretched. 
The advisability of the employment of a 
Thomas collar or neck brace is debatable. 
With severe neck sprain it is probably bene 
ficial for a few weeks, and it may be neces 
sary if the patient has a great deal of driving 
or riding to do as he resumes his activities, 
but one must be careful it does not become 
a prop and a crutch for the patient. It is 
much more efficacious, once acute spasm 
and tenderness have been allayed, to turn 
the 


shoulder, and upper back muscles. 


to rehabilitative exercises for neck, 
Their 
use tends to promote maximum early recov- 
ery. 

Convalescence tends to be prolonged in 
whiplash injuries. It is not unusual for an 
apparently stable and conscientious patient 


to complain of discomfort and require some 
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limitation of his activities for as long as a 
year following his accident. The psychologi 
cal trauma of the accident itself, and partic 
ularly the attendant, often long-drawn-out, 
legal complications, may act to prolong con 
valescence. After all, the effects of tension 
are usually manifested in the same regions 
which have been subjected to injury in these 


cases, 


Medicolegal Considerations in 
Management 


In preparing to deal with any medicolegal 
problem, the physician should recognize at 
the 
disciplines of the medical and legal profes 


the onset a fundamental difference in 
sions. The physician is taught to study a 
case with all the skill and art at his com 
mand and to arrive at a conclusion which 
the truth can 
The attorney, on the other hand, is in 
structed that the truth can best be reached 


is as close to as he 


come, 


by presenting the two sides of any given 
question as strongly as possible and letting 
the truth become apparent to a judge or 
jury as it lies between these extremes. It is 
his duty, therefore, to present his side of 
the case as forcefully as he can. If the 
physician recognizes this fundamental dif 
ference in approach, he will neither be ca 
the 


joled by whom he is 


appearing into presenting his opinion in a 


attorney for 
more favorable or unfavorable light’ than 
he actually considers to be the truth, nor 
be annoyed by the cross examination of the 
opposing attorney, whose duty it is to break 
down or discredit adverse testimony if he 
can, 

The physician should recognize that most 
whiplash injuries resulting from motor vehi 
cle accidents are going to require settlement 
in or out of court. He should, therefore, 
keep careful notes concerning the patient 
from the start, paying particular attention 
to those symptoms that are subjective com- 


plaints on the part of the patient, as op 


posed to the objective physical findings that 
he is able to observe. The treatment should 


be in careful proportion to the amount of 
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1.—Outcome nm One Hundred Cases of 
Whiplash Injury After Settlement of 
Litigation 


Kecovered 
Minor complaints not requiring physician's care 
Satisfactory results 


Unsatisfactory results 
(5 disregarded medical advice) 


injury that the patient has actually sus- 
tained. Overtreatment not only may fail to 
benefit the patient but may give an exag- 
gerated idea of the extent of his injury to 
the jury. 

Some indication of the incidence and de- 
gree of disability to be expected after all 
the extraneous factors attendant upon a 
whiplash injury have been eliminated may 
be gained from a study conducted by the 
department of neurology in the University 
of Tennessee College of Medicine? (Table 
1). Of 100 patients interviewed after set- 
tlement of litigation, 54 were essentially well 
and had not visited a physician within the 
past year. An additional 34 reported some 
minor discomfort on damp days or after 
unusual activity. Thus, 88 had only very 
mild or no residual affect. The 12 remain- 
ing patients were found to have sufficient 
continuing difficulty to wear a collar, sleep 
in traction, take physical therapy, or peri- 
odically visit a physician for aid, Five of 
these admitted that they would not carry 
out their physician’s instructions in regard 
to modification of their activities or taking 
further treatment. 

Another interesting fact from the Univer- 
sity of Tennessee study concerns loss of 
time from work (Table 2). Of the patients 
studied, 15% lost three to six months, and 
26% over six months, prior to settlement, 
whereas after settlement patients losing 
three to six months’ time numbered only 


Taste 2.—Loss of Time from Work Following 


Whiplash Injur 


Prior to Bettlement of Litigation 


Loss of time over 3 mo. 
Loss of time over 6 mo. 


After Settlement of Litigation 


Loss of time over 3 mo. 
Loss of time over 6 mo. 
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4% and those losing over six months only 
3%. Although more loss of time would be 
expected soon after the injury, the marked 
difference must be recognized to have an 
important significance. 

It is evident from these facts that the 
same consideration of psychosomatic fac- 
tors resulting from the nervous impact of 
the injury itself and the attendant personal 
and legal problems following the accident is 
necessary in viewing the patient from the 
medicolegal standpoint as in viewing him 
from the clinical standpoint. 

The question of aggravation of previous 
injury or disease may often pose a perplex- 
ing problem, Many times hypertrophic 
changes or narrowed disk spaces may be 
found in films made the same day of the 
injury in a patient who denies previous 
difficulty, Certainly, such changes may have 
occurred without symptoms prior to the in- 
jury and yet the effect of the injury would 
not have been the same had they not been 
present, In order to render a proper opinion 
on this question, it is necessary to deter- 
mine as accurately as possible what effect 
the preexisting condition has had on the 
patient and whether it is contributory to his 
disability. 

Finally, it is necessary to remember that 
it is not the physician’s province to deter- 
mine what the disability is worth. It is his 
duty rather to see to it that counsel, judge, 
and jury get as clear a statement as he can 
formulate of what injury the patient actually 
sustained and what the effect on him has 
actually been. 


Summary 


1. Whiplash injuries of the head and 
neck constitute a major problem in the man- 
agement of the victims of motor vehicle 
accidents. 


2. Preventive measures have lagged far 
behind the need for them, and efforts to 
secure them should be continued. 

3. “Whiplash injury” is generally syn- 
onymous with neck sprain, but may result 
in more extensive and serious injury. Con- 
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sequently, the careful evaluation in each case 
is of great importance both from the clini- 
cal standpoint and because of medicolegal 
implications, 

4. Psychosomatic 
plaints arising out of malingering often 
cloud the picture and must be properly eval 
uated both in prescribing treatment and in 


symptoms and com 


rendering a medicolegal opinion. 
22 N. Manassas. 
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DISCUSSION 
Dr. Raar, Portland, Ore. : 
injury may cause severe tissue damage, and in 


Prevention, the Only Cure 


whiplash 


some cases an easily demonstrable condition, such 
as fracture-dislocation of a cervical vertebra, 
cervical protruded intervertebral disk, or spinal 
cord injury, may be the result. However, most 
automobile accident patients who have been sub- 
jected to hyperextension of the neck have pain as 
a symptom and there are no objective findings 
There is little doubt that which im 
mediately follows a whiplash injury is due to an 
organic pathological condition, whether it can be 
objectively demonstrated or not. In those patients 
whose pain persists for months the question is 
how much of the discomfort is due to anxiety and 
tension. These factors can cause severe neck and 
head pain, even though there has been no injury 
preceding the onset of symptoms. About one year 


ago we reviewed the charts on our patients who 


the pain 


Hawkes 


WHIPLASH INJURIES OF HEAD AND NECK 


had been given the diagnosis of occipital neuralgia 
during the preceding five-year period. There were 
549 patients with this diagnosis, and approximately 
the same number of men as women were in the 
series. Investigation of the probable cause of the 
patient’s occipital neuralgia showed that in those 
cases in which the pain was thought to be due to 
anxiety When 
the occipital neuralgia was due to a direct blow 


women outnumbered the men 2:1 
on the head or neck (these were not considered 
whiplash injuries), men outnumbered women 2:1 
This seems to indicate that physical trauma gives 
men pain in the neck, whereas mental trauma is 
more likely to be a pain in the neck for women 
Of the 549 patients, 94 were considered as having 
true whiplash injuries, and there 


was approx! 


mately an equal sex division—45 being male and 
49 female 

When symptoms persist for weeks or months in 
honest, emotionally stable people, what structures 
are likely to be responsible for the prolonged 
pain? I am inclined to believe that injury to liga- 
ments in the neck plays a larger role in prolonga- 
than nerve injury, the 
It can be easily demonstrated 


tion of pain root for 
following reasons: | 
during protruded disk operations with use of local 
anesthesia that ligamentous structures, such as the 
posterior longitudinal ligament, are particularly 
well supplied with sensory nerves, for pressure on 
these structures with an instrument causes severe 


pain at the site of pressure. 2 


Nerve roots trau 
matized by a ruptured intervertebral disk generally 
do not remain painful for long periods after pres 
sure on the root has been relieved. 3. Sprains or 
fractures around a joint, such as the wrist, remain 
painful for long periods, and there are no other 
anatomical structures besides ligaments and joint 
capsules in those regions from which pain could 
originate 

the 


structures is the cause of persistent pain following 


If stretching and tearing of ligamentous 
whiplash injury, then there seems little need for 
surgical intervention in patients in whom head and 


neck pain is the chief complaint and there are no 


signs suggestive of cervical protruded disk or 
other, more serious injury. Section of the occipital 
nerves outside the vertebral column holds little 


hope for relief, and in my hands even intradural 
section of cervical sensory root or roots has been 
notoriously ineffective. Mild heat, gentle massage, 
and immobilization seem indicated early after in- 
jury. Traction sometimes affords relief, but prob- 
ably should not be instituted during the acute phase 
immediately following trauma. Prolonged litiga- 
tion certainly should be avoided, and early settling 
of the claim, as Dr. Hawkes has indicated, will 
hasten the convalescence. I wish to congratulate 
Dr. Hawkes upon his well-considered observations 
of this distressing condition, 
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Neutralization of Hydrochloric Acid in the Peritoneal 


Cavity 


W. H. MORETZ, M.D., Augusta, Ga., and W. G. ERICKSON, M.D., Salt Lake City 


This study was promoted by the observa- 
tion that, of 26 patients with perforated ul- 
cer, in only 4 did the peritoneal fluid 
obtained by preoperative paracentesis have 
an acid reaction.’ We were interested in 
this matter because of its obvious implica 
tions in the diagnostic value of paracentesis 
in cases of suspected ulcer perforation and 
its bearing on the natural processes of re- 
pair following spillage of acid gastric con- 
tents, 

How rapidly is chemical neutralization 
accomplished, and by what mechanism does 
the body neutralize acid chyme in the peri- 
toneal cavity 

In an effort to throw light on this prob- 
lem, known amounts of hydrochloric acid 
solutions were injected into the peritoneal 
cavities of dogs, and, subsequently, aspirated 
specimens of the peritoneal fluid were ex- 
amined, This paper reports the results of 
that study, 


Methods 


A. Fifty cubic centimeters of N/20 hydrochloric 
acid per kilogram of body weight was injected into 
the peritoneal cavity of 25 dogs 
Twentieth-normal HC] its de 
gree of acidity falls within the normal range for 
The acid was allowed to enter 


mongrel 
was used because 


gastric secretions 
the peritoneal cavity by gravity through a No. 
15-gauge needle inserted aseptically through the 
abdominal wall, usually slightly to the right of the 
Three to five minutes was usually re 
infusion. Ten-cubic 


umbilicus. 


quired for the centimeter 
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fluid withdrawn 
needle at 


thereafter and tested for pH, 


quantities of peritoneal were 


through the same frequent intervals 
free hydrochloric 
The pH! was determined 


Free HCl was determined by ti 


acid, and combined acid 
by a pH meter 
tration with NaOH in the presence of Topfer’s 
reagent, and combined acid was determined by 
continuing the titration in the presence of phenol 
phthalein indicator. 


made on the 


Quantitative determinations 
fluid for 
chloride, albumin, globulin, and mucoprotein, prior 
to killing the animals. Of the 25 
the remaining 17 were killed 1 to 29 hours later 
Autopsies were performed, and_ the 
fluid remaining in the peritoneal cavity was meas- 


were glucose, amylase, 


dogs, & died; 
amount of 


ured, 

B. In six additional dogs similar experiments 
were carried out in which 20 mg. of Evans blue 
(T-1824) per kilogram of body weight was in- 
jected either intravenously or intraperitoneally in 
order to demonstrate the movements of proteins 
into and out of the peritoneal fluid. The intra- 
peritoneal dye injections were made 30 minutes 
after the instillation of HCl, thus allowing time 
for proteins to accumulate in the peritoneal fluid 
with which the dye would combine 

C. In two dogs, after the 50 cc. of acid per 
kilogram of body weight had been injected intra 
peritoneally, the effect of an additional continuous 
flow of N/20 HCl into the peritoneum was ob- 
served. 

D. The buffering effect of various amounts of 
dog serum when added in vitro to N/20 HCl was 
also observed, 

FE. In four dogs, after similar injections of 
N/20 hydrochloric acid, serial determinations were 
made of the serum and peritoneal fluid concentra- 
tions of sodium and potassium over a two-hour 
period 


Results 


A. Figures 1, 2, and 3 show the changes 
in pH, free HCl, and combined acid which 
took place in the solution after being in 
jected inty, the peritoneal cavity. It will be 
seen that free acid diminished very rapidly, 
half being lost within five minutes and all 
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HCL NEUTRALIZATION IN: PERITONEAL 


FREE HYDROCHLORIC ACID 


20r- OMBINE 
. 
a 
Ww 
2 
. © ' 20 25 30 35 40 45 50 55 60 65 70 
MINUTES 
Fig 1—Neutralization of HCI within the peri 
toneal cavity of the dog. The results charted repre 
sent frequent determinations of free HCl and 


combined acid in the peritoneal fluid after the intra 
peritoneal injection of 50 cc. of N/20 HCl per 
kilogram of body weight in 25 animals 

being lost in most instances by 30 minutes. 
Thereafter, until the animals were killed, 
combined acid remained in appreciable quan 
tities. 

The pH of the injected acid was 2.0, but 
this rapidly rose to 7.0 during the first hour 
and to a maximum of about 7.6 at the end 
Subsequently, the fluid be 
When the pH 


reached 4.0, which usually occurred about 


of two hours, 
came slightly less alkaline. 


30 minutes after injection, free acid was 
absent (Table). 

The accompanying Table gives the re 
sults of the chemical analyses of the perito 
neal fluid, except for sodium and potassium. 
Significant amounts of glucose, chlorides, 
amylase, and protein were found in the 
peritoneal fluid very soon after injection. 
The 
proached, but did not exceed, the concen 
these the 
for proteins, the peritoneal fluid 


amounts of these substances ap 


tration of substances in blood. 
Iexcept 
contents of these substances were similar at 
2 and at 29 hours. 


hours the proteins were low and predomi 


During the first few 


nantly albumin, while later the globulin 


Vorets 


Lrickson 


CAVIT) 


OMBINED 


6 
HOURS 


Fig. 2.—Combined acid in peritoneal fluid fol 
lowing intraperitoneal injection of N/20 HCl. The 
results of determinations within the first hour are 
shown in Figure 1 


fraction increased and the total protein was 
higher. 

The volume of peritoneal fluid at the time 
the animals were killed, after correcting 
for the amount of fluid removed for analy 
18% the 
Individual results varied from a 


ses, averaged less than amount 
injected. 
30% increase in volume to a 38% decrease. 
Coagulation of the peritoneal fluid was fre 
quently observed at the time of killing. 

Kight dogs died of the peritoneal insult 
in 12 to 24 hours, 

B. Evans blue (T-1824) has the property 
of combining very promptly with the protein 
molecules ** and serves to trace the course 
of protein to and from the blood plasma. 
The appearance of the dye intraperitoneally 
after being injected intravenously indicates 
the movement of blood plasma protein into 
the intraperitoneal fluid. The reverse also 
is true: The appearance of the dye in the 


blood after being injected intraperitoneally, 


= 


Fig. 3.—Neutralization of HCl within the peri 
toneal cavity of the dog. These pH changes cor 
respond closely to the rapid disappearance of free 
HCl seen m Figure 1. The reaction remains 
slightly alkaline after the first hour 
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Quantitative Analyses of Peritoneal Fluids 
Obtained Two to Twenty-Nine Hours 
After Intra-Abdominal Injection 
of N/20 Hydrochloric Acid 


No. of 


Animals Range 


Glucose 7 25-150 mg. per 100 ce. 
Chlorides 12 


Amylase 


91-141 mEq. 


135-480 units (blood values 
250-572 units) 
Total protein 1.2-7.6 gm. per 100 ce. 


Albumin 11-25 gm. per 100 ce. 


(mean 18 gm.) 


Globulin 0453 gm. per 100 ce. 


(mean 1.5 gm.) 


Mucoprotein 24-61 mg. per 100 cc. (mean 


42 mg. per 100 ec.) 


when proteins are present in the peritoneal 
fluid, indicates the movement of proteins 
back into the blood plasma. 

Within 30 minutes after being given 
intravenously, Evans blue appeared intra- 
peritoneally, However, when the dye was 
intraperitoneally, it reached the 
blood plasma more slowly, being present in 
the plasma at 19 hours, but not at 2% hours, 
after injection, This finding is interpreted 
to mean that proteins enter the peritoneal 
fluid promptly from the circulating blood 
plasma, but that, having entered the peri- 
toneal cavity, the proteins are much slower 


injected 


in returning to the circulating blood plasma. 

The additional 
N/20 HCI at a rate of 2 cce/min. had no 
apparent effect on the rate of neutralization. 
However, when the acid was injected at a 


continuous inflow of 


rate of 6 cc/min., free acid remained in the 
peritoneal fluid indefinitely. When the addi- 
tional continuous acid was not 
begun until free acid had disappeared from 
the peritoneal fluid, a rate of 6 ce/min. for 
20 minutes was insufficient to make free 
acid discernible, whereas an inflow of 20 ce. 
per minute 


inflow of 


resulted in free acid being 
promptly observed in the peritoneal fluid. 
D. Changes in pH and free and combined 
hydrochloric acid, seen in Figures 1, 2, and 
3, were duplicated by adding various 
amounts of dog serum to N/20 HCl. A 
mixture of 60 parts of acid and 40 parts of 
serum was found to have a pH of 4.0, no 
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POTASSIUM 


LE QUMALENTS PER 
POTASSIUM 


* PERITONEAL FLUID POTASS UM 


60 
TIME IN AFTER INJECTION 


Fig. 4.—Sodium and potassium levels in serum 
and peritoneal fluid after intraperitoneal injection 
of 50 cc. of N/20 HCl per kilogram of body 
weight, It is apparent that a shift of sodium from 
the serum to the peritoneal fluid contributes 
greatly to the neutralization process 


free HCl, and 32 units of combined acid. 
Smaller proportions of serum neutralized 
part but not all of the free HCI and yielded 
less combined acid. 

EK. The rapid shift of sodium and potas- 
sium into the peritoneal fluid is shown in 
Figure 4. 


Comment 


It is obvious from these experiments that 
the body defense mechanisms are capable 
of quickly relatively large 
amounts of hydrochloric acid within the 
peritoneal cavity. The early disappearance 
of free acid is thought to be accounted for 


neutralizing 


by the rapid transudation of protein and 
other electrolytes of the serum from the 
blood into the peritoneal cavity, and by 
diffusion of hydrogen ions into the body 
fluids. 

The rapidity with which neutralization oc- 
curred was striking. ree HCl disappeared 
promptly, being absent routinely within 35 
minutes, when a pH of 4.0 was reached. 
Within one hour a pH of 7 was usually 
achieved. 

The rapid influx of albumin and globulin 
to the peritoneal fluid demonstrated in these 
experiments, although insufficient to account 
for most of the neutralizing action, is sig- 
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HCL NEUTRALIZATION IN: PERITONEAL 


nificant, since the loss of this amount of 
protein from the circulating blood may well 
have contributed to the death of some ani- 
mals. In some amount of 
protein in the peritoneal fluid represented 
30%-50% of the estimated total mass of 
The return of 
protein from the peritoneal fluid into the 


instances the 


circulating blood protein. 


vascular compartment was probably much 
slower, as indicated by the Evans blue ex- 
periments. The greater part of the rapid 
neutralization was attributed to the ingress 
Dilute 
hydrochloric acid, because of its marked 
hypotonicity and high hydrogen ion concen- 
tration, is very irritating and leads to a 


of serum to the peritoneal cavity. 


rapid shift of serum, with its buffering qual- 
ities, from the circulating plasma into the 
This is 
quickly, and the loss of these amounts of 


peritoneal cavity. accomplished 
sodium and potassium from the circulating 
plasma may be of clinical significance. It 
14% of the total 
body sodium was in the peritoneal fluid 


is estimated that 6% to 


two hours after the injection of hydrochloric 
acid, 

These findings help to explain the com 
mon occurrence of a neutral peritoneal fluid 
in the presence of a perforated peptic ulcer. 
They indicate that finding a neutral fluid 
on paracentesis has no significance from 
the standpoint of differential diagnosis. 
ven if the perforation is large and gastric 
contents are continuing to be spilled into the 
peritoneal cavity, free acid may not be dis 
cernible in the peritoneal fluid. However, 
peritoneal fluid with an acid pH or con- 
taining free acid favors the diagnosis either 
of a very recently perforated ulcer or of 
one which is continuing to leak. 


Moretz—Erickson 
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of combined acid 
not been helpful 


Clinically, the amount 
in peritoneal fluid has 
diagnostically, 


Conclusions 


Twentieth-normal (N/20) 
acid is rapidly neutralized within the peri- 
toneal cavity of the dog. 

ree hydrochloric acid is rarely detectable 
in the peritoneal fluid 35 minutes after in- 


hydrochloric 


jection. Within one hour after injection 
such fluid is commonly slightly alkaline in 
reaction. 

Large quantities of protein are lost from 
the circulating blood plasma into the perito- 
heal fluid. The amount of protein present 
in the peritoneal fluid within the first 30 
minutes is insufficient to account for much 
of the early neutralization process, most of 
the early neutralization probably being due 
to the rapid transudation of serum and its 
electrolytes into the peritoneal cavity. 

Clinically, the absence of free acid in 
peritoneal fluid has no diagnostic signifi 
cance, although the presence of an acid re- 
action favors the diagnosis of a perforated 
peptic ulcer which is still leaking. 
Medical College of 


Department of Surgery, 


Georgia, Augusta, Ga 
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Pancreatic 


Pseudocysts and Fistulae 


Pseudocyst and Fistula Following Blunt Trauma Treated by Internal Drainage 


CAPT. DWIGHT E. NEWTON (MC), U. S. A. F., and COL. WILLIAM W. NICHOL (MC), U. S. Army 


Pancreatic pseudocysts and fistulae are 
not common; however, they are seen on 
oceasion by civilian and military physicians 
who deal with trauma, Because of the com- 
plex problems of management and the small 
number of case reports in the literature, it 
is felt that the following case merits presen- 
tation. 


Report of a Case 


A 27-year-old soldier, stationed in Japan, was 
kicked in the upper part of the abdomen during 
an altercation while under the influence of alcohol. 
He suffered no apparent injury and went to bed, 
only to awaken six hours later with epigastric 
pain, nausea, and vomiting. He was admitted to a 
station hospital, where he was found to be afebrile, 
with localized epigastric tenderness but no rebound 
tenderness. His white blood cell count was 15,000 
per cubic millimeter with a marked shift to the left, 


and his serum 


amylase was normal. 


During the 
next two days the abdominal tenderness increased ; 
rebound tenderness developed, and the temperature 
rose to 101 FF. The white and differential cell 
count remamed unchanged during this period 
Three days after injury an exploratory laparot 
omy was performed, revealing a large pseudocyst 
of the anterosuperior portion of the body of the 
pancreas that had ruptured into the general peri 
toneal cavity. The cyst was drained externally by 


means of a mushroom 


then Penrose 
drains were placed in the surrounding area. On 


the first 


catheter ; 
postoperative day the patient’s serum 
amylase was 232 units per 100 ce., and liver fune 
tion studies were normal. He appeared to be pro 


gressing satisfactorily, On the 20th postoperative 


day he again developed epigastric and rebound 
tenderness, although he was afebrile and his white 
blood cell count was normal 

Another exploratory laparotomy was performed, 


and a second pseudocyst was found, which appar 
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This 
catheter 
The 
operative course was uneventful except for per- 
sistent drainage of clear fluid, in amounts varying 
from 300 to 1500 ce. daily. A trial of dehydration 
therapy did not affect this drainage 

The patient was evacuated to the Zone of the 
Interior, arriving at Brooke Army Hospital three 
months following his injury 


ently was separate from the previous cyst. 
was drained by passage of a mushroom 
through the previously drained 


cyst post 


An indwelling No. 32 
entered the abdominal cavity 
through a fistulous tract in the right epigastrium. 
There was no apparent drainage of fluid around the 
catheter and minimal excoriation of the surround- 
ing skin. The remainder of the physical examina- 
tion was within normal limits 
200 units, 
normal 


F. latex catheter 


The serum amylase 


was and liver function studies were 


Conservative therapy was continued, and 
serial serum electrolyte and protein determinations 
were consistently normal. His condition continued 


unchanged except for persistent drainage from 


the catheter of approximately 500 ce. of clear 

Fig. 1.—Radiopaque dye study showing com- 
munication of fistulous tract with pancreatic-duct 
radicles 
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PANCREATIC PSEUDOCYSTS 


fluid daily. A radiopaque dye study of the fistulous 
tract was performed five months following injury 
and revealed communication of the tract with pan 
creatic-duct radicles. 

Another exploratory laparotomy was performed 
\ membranous fistulous tract was found arising 
from the superior aspect of the body and head of 
the pancreas and passing through the gastrocolic 
omentum and the abdominal wall in the right epi 
gastric region. The cutaneous end of the fistula 
was dissected free, leaving a surrounding margin 
of fibrous tissue, and the dissection continued to the 
pancreas. The cutaneous end was anastomosed to 
the posterior surface of the antrum of the stomach, 
using two layers of interrupted 000 nonabsorbable 
(silk) sutures and placing the inner layer through 
the anterior wall of the 


a gastrotomy opening in 


antrum. Convalescence was uneventful except for 


an area of necrosis of skin and subcutaneous tissu 


approximately 3 cm. square in the center of the 


incision. This necrosis was thought to be due to 


the incision crossing the old surgical sears and to 


excessive tension on the wire sutures closing the 
incision. The wound was débrided and closed 
secondarily, and it healed without incident. Post 
operatively, serum amylase levels were within 


normal limits, and the patient was sent on a trial 
of duty, during which he remained asymptomatic. 

The patient was readmitted to the hospital for 
evaluation three months following his 


He had 


examination of his 


operation 


remained completely asymptomatic, and 


abdomen revealed no masses 
Upper gastrointestinal roentgenograms showed no 


evidence of reflux of the opaque media into the 


At this time, serial serum amylase 


fistulous tract 


-Nichol 


Newton 


AND FISTULAE 


2.—TVeehmque of 


4 1, dis 


tract 


fistulogastrostomy 
section of  fistulous 
down to pancreas; 
placement of posterior 


row of external layer ot 


sutures; C, placement ot 
internal layer of sutures 
through gastrotomy open 
ing; 2), placement of an 
external 


terior row. of 


layer of sutures 


206 


elevated 


500, and units, 


levels which were considered 


200, 
moderately 


determinations revealed 
In view of his lack of symptoms, however, it was 
felt that 


appeared to 


these values were not significant, He 


have obtained a satisfactory result 


from the fistulogastrostomy, and he was discharged 
to full duty 


Comment 


Pancreatic cysts may be classified as con 
genital, neoplastic, parasitic, and retention 
cysts and pseudocysts.'’* The eysts of pri 
mary concern in this discussion are retention 
cysts and pseudocy sts. 

i:tiology and Pathology 
have a true epithelial lining and are thought 


Retention « ysts 


to arise from obstruction of one of the ma 
jor pancreatic-duet radicles with dilatation of 
the duct and cyst formation proximal to the 
blockage.’ Ligation of the pancreatic duet 
in experimental animals, however, does not 
lead to eyst formation.® 

Pseudocysts lie outside the pancreas and 
are lined with a serous membrane, such as 
parietal peritoneum or mesentery. Pseudo 
cysts may arise after pancreatitis or trauma 
and are reported as occurring most fre 
Meyer et 


elicited a history of trauma in 16 of 31 


quently after pancreatitis.*“ 


Since the pancreas rests astride the 
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vertebral column, it is particularly suscepti- 
ble to both penetrating and nonpenetrating 
trauma.* The pathologic process appears to 
be traumatic necrosis of pancreatic sub- 
stance and rupture of ducts, hematoma for- 
mation, extravasation of pancreatic fluid, 
and walling off by adjacent serous mem- 
The 
pseudocyst may be located in the lesser 
sac, in the transverse mesocolon, or in any 
number of positions in the upper abdomen. 
The pancreatic ferments contained in the 
pseudocysts tend to digest the cyst wall and 
to produce enlargement and rupture of the 
cyst. 


branes to produce a sterile abscess. 


Pancreatic fistulae may occur after mar 
supialization or pancreatic 
pseudocysts, damage to the pancreas during 


drainage of 


upper abdominal surgery, or necrosis fol- 
lowing acute pancreatitis.*7 It is impera- 
tive that any interrupted ducts be securely 
ligated during surgery near the pancreas. 
If the duct is small, the drainage may be 
slight and temporary; however, if the duct 
is large and not ligated, leakage may be 
serious, or even fatal, 
Pathologic Physiology.—lt is necessary to 
review the mechanism of pancreatic secre- 
tions in order to understand the pathologic 
physiology of pancreatic pseudocysts and 
fistulae. Juice flows continuously from the 
an estimated rate of 
500 to 2,400 ce, per day, with a considerable 


normal pancreas at 


increase for about three hours following the 
ingestion of food, 

Pancreatic juice contains three enzymes: 
amylase, lipase, and trypsinogen. Amylase 


and lipase act on starches and fats, respec- 


tively. Trypsinogen is converted to trypsin 
by enterokinase in intestinal secretions, and 
perhaps by bacteria and bile salts. Trypsin 
digests protein and acts best in an acid 
medium. It is the agent responsible for the 
autodigestion which takes place in pancreatic 
pseudocysts and fistulae. 

In addition to enzymes, pancreatic fluid 
contains electrolytes in approximately the 
same concentration as plasma. This fact 
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accounts for the profound electrolyte loss 
that may accompany pancreatic fistulae.® 
Vagus stimulation causes the outpouring 
of a small amount of juice that is rich in 
enzymes, The action of hydrochloric acid, 
bile salts, and food on the duodenal mucosa 
causes it to release two hormones that are 
carried by the blood stream to the pancreas: 
One of these, secretin, stimulates the secre- 
tion of a large volume of juice low in 
enzymes; the other, pancreozymin, stimu- 
lates the secretion of a small amount of juice 
rich in enzymes, The stimulus causing in 
creased production of these enzymes is de- 
creased as the gastric juice is neutralized 
by the outpouring of pancreatic secretions. 
If a fistula exists, this automatic control is 
lacking, and the volume of pancreatic secre- 
tion may be much greater than normal. 
Diagnosis._-Vancreatic pseudocysts may 
appear within a few hours after trauma, or 
Pain is usually present. It 
occurs generally in the upper abdomen and 


months later. 


sometimes radiates to the back. Nausea and 
vomiting are frequent. Shock is rare except 
when there is complete transection of the 
pancreas or laceration of major vessels with 
Examination of the 
abdomen usually reveals a palpable mass, 


extensive hemorrhage. 


and there may be signs of peritoneal irri 
tation, 
reveal a leukocytosis and elevated serum 
amylase and lipase, although absence of such 
the 
Roentgenograms may show displacement of 


Laboratory examinations generally 


findings does not rule out disease. 
adjacent organs or a localized ileus, form 
ing a “sentinel loop.” 14° 
Management.—-The treatment of pseudo- 
cysts is surgical, Spontaneous rupture is 
reported to have a mortality rate of approxi- 
mately 66%.* The operation of choice is 
complete excision of the cyst. This proce- 
dure, however, may be technically difficult 
and can be used only if the cyst is small 
and is located in the tail of the pancreas.® 
The majority of cases must be treated by 
external or internal surgical drainage. 
External Drainage: External drainage is 
safest because of its simplicity; it has the 
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lowest mortality, being approximately 5%. 
The method of choice is marsupialization. 
This procedures may be complicated by a 
persistent fistula with loss of fluid and ex- 
coriation of the skin.4°*!* These fistulae 
tend to close spontaneously if there is no 
obstruction of the proximal duct system.® 
Meyer et al.* reported an average persistence 
of fistula of seven weeks, with a maximum 
duration of one year before spontaneous 
closure. Judd et al.!' reported 47 cases of 
marsupialization, the longest persistence of 
drainage being two years. 

Treatment of Pancreatic Fistula: An ade- 
quate trial of conservative therapy should 
be given before resorting to surgical inter- 
vention to permit a possible spontaneous 
closure of the fistula. An attempt should 
be made to reduce the volume of pancreatic 
secretion by diet, nasogastric suction, and 
parasympatholytic drugs; however, these 
methods have not been uniformly effec- 
tive.°* Meperidine (Dermerol) is preferred 
to morphine for control of pain because 
of the tendency of morphine to produce 
spasm of the sphincter of Oddi.® Fluid and 
electrolyte loss must be replaced. Surgical 
treatment consists of excision of the fistula 
down to the base with ligation, or anasto- 
mosis to the gastrointestinal tract. Excision 
may be followed by recurrence of the fistula 
or pseudocyst formation and is, therefore, 
not the treatment of choice.** The fistula 
may be anastomosed to the stomach, du 
odenum, or jejunum with equally good re- 
sults. This allows pancreatic secretions to 
drain into the intestinal tract until closure 
ensues.® 

Internal Drainage of Pseudocysts:  In- 
ternal drainage of pseudocysts is rapidly 
becoming the operation of choice because it 
allows the reintroduction of pancreatic se- 
cretions into the gastrointestinal tract. 

Cystogastrostomy was first described by 
Jurasz in 1931, It is technically the sim- 
plest, since the cyst is usually in a retro- 
gastric position.®'° The stoma created must 
he adequate for satisfactory drainage. A 
one-layer anastomosis should be sufficient, 
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because the cyst has no epithelial lining. 
It has been stated that cystogastrostomy may 
be complicated by hemorrhage and digestion 
of the cyst by the acid gastric juice; how 

ever, in a series of 50 cases reviewed by 
Zaoussis,® digestion of the cyst occurred in 
only two patients, and both died of hem- 
orrhage. Of the remaining 48, results were 
satisfactory in 45 patients; 2 developed re 

currence, and 1 had a peptic ulcer at the 
site of anastomosis. 

Although technically more difficult, cysto- 
jejunostomy is gaining in popularity be- 
cause it allows the pancreatic secretions to 
empty into the small bowel in a more physio- 
logical manner. The Roux-en-Y technique 
is favored because it prevents reflux into 
the cyst cavity. The stoma created must be 
of sufficient size to prevent premature clos 
ure. In a review of 33 cases treated by 
cystojejunostomy, Zaoussis® reported 26 
good results. Among the other cases the 
outcome was as follows: three deaths from 
peritonitis, pulmonary embolus, and fecal 
fistula, respectively; two recurrences due to 
premature closure of the stoma, and one 
small-bowel obstruction, necessitating reop 
eration. An upper gastrointestinal roent 
genogram revealed reflux of barium into 
the cyst in one patient, although he was 
asymptomatic. 

Cystocholecystostomy and cystaduoden- 
ostomy are technically more difficult: than 
cystogastrostomy or cystojeyunostomy and 
produce no better results.* 

Doubilet and Mulholland believe that 
spasm of the sphineter of Oddi contributes 
to the persistence of pancreatic pseudocysts 
and fistulae. They recommend sphincter 
otomy in conjunction with other surgical 
procedures. 


Summary 


Pancreatic pseudocysts are not common ; 
however, they are seen occasionally by phy 
sicians who treat traumatic injuries. The 
case presented is interesting because it 
shows the typical persistence of a fistula 
after external drainage that caused the pa 
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tient to lose productive duty days; however, 
he was able to return to full duty shortly 
after fistulogastrostomy, 


seudocysts frequently follow nonpene 
trating abdominal trauma, although they 
may occur after acute and chronic pan- 


creatitis, Signs and symptoms consist of 
abdominal distress and a palpable epigastric 
MASS. 

The treatment of choice is internal drain 
age of the cyst or persistent fistula by anas- 
tomosis to the stomach or jejunum, 

Brooke Army Hospital, Brooke Army Medical 
Center, Fort Sam Houston, (Colonel 
Nichol) 


Texas 
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Acute Perforated Peptic Ulcer 


Results of Operative Treatment 


HOMER L. SKINNER Jr., Des Moines, lowa 


In recent years, reports continue to appear 
in the literature indicating the favorable 
features of the nonoperative treatment of 
perforated peptic ulcer.'4!7 
ries so reported, the mortality has been 


In several se- 


equal to that of several of the series in which 
primary closure of the perforated ulcer was 
However, to date, in the 
larger reported nonoperative series, no one 


accomplished 


has reported a group without mortality, as 
is currently noted in several series of con 
secutive Operative cases. 

In recent years, as a result of the many 
advances made in surgery, anesthesiology, 
and antibiotic and electrolytic therapy, the 
mortality in acute perforated peptic ulcer 
has shown a decided In 
fact, many series have been reported in 
which no deaths occurred if 
performed within 12 to 15 hours. 


surgery was 
Prior 
to 1950, the mortality in the group treated 
by the operative method varied from 1.1% 
to 30%, whereas during the past six or 
seven years the mortality has been reported 
to be between 0 and 5%.'** There, too, has 
been a significant drop in the rate of com- 
plications. 


The present report is based upon a study 


of 93 consecutive cases of perforated peptic 
ulcer treated by the operative method during 
the period from 1946 to 1956. 


Results 

All the patients were men, ranging in 
age from 22 to 72; the average age was 47 
The greatest number of ulcers oc- 


years. 
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Tasie 1.—Age Incidence 

Age No, of Patients Per Cent 

20-30 13 14.0 

31-40 30.0 

41-50 11.8 

51-0 25.9 

61-70 16 17.2 
Over 70 1 1.1 
_Total 100 


curred in patients in the 31-40-year and the 
51-60-year age group (Table 1). 

The average interval between the time of 
perforation and the time the closure of the 


perforation was accomplished was 10.5 
hours. The longest time interval was 120 
hours. The number of patients operated 


upon within 6 hours following the acute 
perforation was 50 (53.6%), and the num 
bers after 6 hours and 12 hours were 21 
(22.6%) and 11 (118%), 
(Table 2). 

The average time interval according to 
The highest 


respectively 


age groups is noted in Table 3. 
average time interval was in the group of 
patients in the 21-30 age range. 

The average duration of symptoms in this 
group was six years. However, in 16 pa- 


Time Interval Between Perforation 
and Surgery 


Tasie 2. 


Time 

Interval, Hr. No. of Patients Per Cent 

7-12 2) 22.4 

15-18 i 115 

19-24 ‘ 44 

Over 24 7 7h 

Total ‘00 
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TABLE 3.—Time Interval from Perforation to 
Surgery According to Age Groups 
Time Interval, Hr. 

Age Groups Average Longest Shortest 
21-30 18.0 24 
31-40 2 4 
41-50 

61-70 


Over 70 


tients (17%) the first indication of a peptic 
ulcer was the acute episode due to perfora- 
tion. In 37 patients (40%) the perforation 
followed alcoholic imbibing. In 9 patients 
(9.6%) there was a history of a previous 
perforation; in one it had occurred twice 
before. 


After admission, and prior to surgery, the 


patients had a complete and thorough work- 
up. They were treated for shock; gastric 
intubation and suction were instituted; x-ray 
pictures were taken, and other laboratory 
procedures were performed when indicated, 
Antibiotic therapy was administered. 

Most of the patients were given inhalation 
anesthesia; in about 25% spinal anesthesia 
was used, and in the recent group receiving 
a general anesthesia cyclopropane has been 
the most commonly employed agent. A short 
right transverse incision above the umbili 
cus, dividing the right anterior and posterior 
rectus sheaths transversely, was performed 
in 62 patients (66%). The right rectus 
muscle In the remaining 
number, a right subcostal incision (12 cases) 
or a right short vertical pararectus incision 
(6 cases) was employed. These wounds 
were closed with absorbable surgical sutures 
in 40 patients (42% ), with silk in 38 (41%), 
and with fine wire in 16 (17%). Wounds 
were closed without drainage. All wounds 
healed by primary intention, except one, in 
which a wound infection occurred. Wound 
dehiscence or postoperative hernia did not 
occur, 


was transected. 


In this series of 93 perforated peptic 
ulcers, 73 (78%) were located in the first 
part of the duodenum, 14 (15%) were be- 
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nign gastric ulcers, and 6 (7%) were de- 
scribed as pyloric ulcers. Because of edema, 
induration, and loss of normal landmarks, 
the operating surgeon was unable to state 
definitely whether the ulcer was gastric or 
duodenal; hence, the designation of pyloric 
ulcer was made. Biopsy specimens were 
taken of most of the gastric lesions, and no 
malignancy was found microscopically. 

In 91 (979%) of the perforations, closure 
was accomplished by interrupted absorbable 
surgical sutures of the Lembert type tied 
over a pedicle or an omental patch graft. 
In several cases in which the ulcer defect 
was too large and was indurated and friable, 
it was necessary to close the defect by use 
of the round ligament and/or the greater 
omentum. 

The fluid and exudate in the peritoneal 
cavity as a result of peritonitis and spillage 
of gastric and duodenal contents was aspi- 
rated. In only one case was the peritoneal 
cavity drained, and this was accomplished 
through a stab wound. The fluid and ma- 
terial obtained from the peritoneal cavity 
in the majority of instances were sent to 
the laboratory for culture studies. The 
cultures were positive in only 16 cases; 
these showed a nonhemolytic Streptococcus. 
No correlation was noted between positive 
cultures and the time interval before treat- 
ment or development of postoperative com- 
plications in this series of cases. 

There were no deaths in this series. 

The patients after 1948 were ambulatory 
on the first day; prior to this date the pa- 
tients were made ambulatory between the 
second and the fourth postoperative day. 

Nasogastric suction was continued for 
two to four days following surgery in the 
uncomplicated group of patients. Oral feed- 
ings were begun usually by the third or 
fourth postoperative day. The patient then 
received a progressive gastric diet. 

Karly postoperative complications devel- 
oped in 22 (23.7%) of the patients ( Table 
4). Pyloric obstruction was the commonest 
complication, necessitating partial gastrec- 
tomy shortly after perforation. 
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Taste 4.—Early Postoperative 


Type No. Per Cent 

Atelectasis 2 2.1 
Cardiac decompensation 1.0 
Cryptogenic fever 1 10 
Epididymitis 1 1.0 
Esophageal perforation 1.0 
Gastrointestinal bleeding 4 3.2 
Pelvic abscess i 10 
Pleural effusion 1 10 
Pyloric obstruction 6 64 
Severe distention 1 1.0 
Thrombophlebitis, acute i 1.0 
Urinary retention 1.0 
Wound infection 1 10 

Total 21 23.7 


The average hospital stay of the patients 
who developed no serious complications, a 
group which included most of the patients in 
this series, was 13 days. 

All patients were recalled within 28 to 
40 days after the initial discharge from the 
hospital for further studies. The patients 
with no complications were treated there- 
after medically. Of the 90 patients in this 
category, 25 (27.7%) required further 
treatment. Nineteen of the twenty-five re- 
quired partial gastrectomy. Therefore, 19 
patients of the original 93 required subse- 
quent partial gastrectomy following perfora 
tion, owing to complications of the disease 
per se, such as pyloric obstruction, gastro- 
intestinal bleeding, or failure to respond to 
medical treatment. This represents the need 
for definitive surgery at this time in 20% 
of the patients in the entire series. 


Comment 


The morbidity and mortality rates have 
been substantially reduced in the last decade 
as compared with the reported series in the 
era of 1930 to 1942. 
a result of the evaluation of our two series, 


It is Our opinion, as 


that these two factors can be more readily 
controlled and brought within reasonable 
range of the results now existing with other 
surgical conditions. 

These two factors are now favorably in 
fluenced by one important fact; that is, the 
patient with acute perforation is seeking 
medical and surgical care earlier. This and 
the many advances made, such as the more 


thorough pre- and postoperative manage 


Palumbo et ai 


ment; the use of antibiotics, proper anes- 
thesia, and a short, anatomically placed 
abdominal incision, closed with nonabsorb- 
able surgical suture without drainage; early 
ambulation, and early oral feedings, are 
equally important in reducing the morbidity 
and mortality rates. 


Summary 


The results of the operative treatment of 
acute perforated peptic ulcer in 93 consecu- 
tive adult male patients are presented. The 
patients ranged in age from 22 to 72. The 
average time interval from acute perforation 
to surgical closure of the defect ranged 
from 6 hours, in the eighth decade of life, 
to 18 hours, in the third decade. The over 
all average time interval was 10.5 hours. 
A small right transverse supra-umbilical 
incision was employed in most cases, Non 
absorbable surgical suture closure of the 
wound was performed in the majority of 
cases. The patients were ambulatory on the 


first day. Dehiscence and postoperative 
herniation did not occur. 
Neither the peritoneal cavity nor the 


wound was drained. A pelvic abscess de 
veloped only in one case. There were no 


deaths. 


The patients were treated by nasogastric 
suction for one to three days; antibiotics 
were administered, A careful follow-up was 
conducted, Twenty per cent of these pa 
tients required partial gastrectomy at a later 
result of 


date. This was 


pyloric obstruction, gastrointestinal bleeding, 


necessary as a 


or failure to respond to medical treatment. 


Veterans’ Administration Center (9) 
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Small-Bowel Tumors 


Clinical Review 


STEPHEN R. RODDY, M.D., Miami, Fla. 


Reports in the literature of small-bowel 
tumors have been increasing during recent 
years. The overwhelming number of esoph- 
ageal, stomach, and large-bowel tumors by 
comparison has made neoplasms in the small 
intestine seem quite insignificant. As a re- 
sult, information on the subject has been 
much reaching the literature. 
Heurtaux apparently published one of the 
first articles, in 1900,® but it was not until 
Raiford’s*® report in 1932 that much in- 
terest was stimulated about tumors in this 
region. Raiford reported 88 of these tumors 
among 11,500 autopsies and 45,000 surgical 
and Jacobs * 
found carcinoma of the small bowel in 58 
of 90,892 autopsies. In the 1l-year period 
1941 to 1951 there were 11 tumors 
in 65,638 surgical admissions at the Kings 
County Hospital.® At the Mayo Clinic a 


slower in 


specimens. Christofferson 


from 
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TABLE 1 


‘Tumor Total Duodenum 
Adenocarcinoma 1 
Lymphosarcoma 

Spindle-cell sarcoma 

Hemangioma 

Carcinoid 

Lelomyoma 

Adenomatous polyp 

Fibroma 

Lymphangioma 

Papilloma 

Neurofibroma* 


3 


Jejunum 


of Thirty-Four Cases 


total of 149 small-bowel tumors over a 
32-year period were reported.’® Less than 
two cases of malignant tumors are seen each 
year at the Cleveland Clinic.‘ 

From 1940 through 1955 the records of 
7,320 autopsies and 45,840 surgical speci 
mens at the John Gaston Hospital revealed 
Both be- 
nign and malignant tumors of the duo- 
denum, exclusive of the ampulla of Vater, 


the jejunum, and the ileum, were included. 


small-bowel tumors in 34 cases. 


Three tumors were of duodenal origin, and 
the remainder were equally distributed in 
the ileum and the jejunum (Table 1). Thir- 
teen were classified as malignant, and all 
Ap 
proximately half of the benign tumors were 


except three had been symptomatic. 


found incidentally at autopsy or during an 
abdominal exploration and never had been 
symptomatic. Two patients had multiple 
tumors in both jejunum and ileum, and in 
three others the exact the 
It was 
of interest to note in 20.6% of these patients 


within 
small intestine was not determined. 


location 


Location of Small-Bowel Tumors 


Combined Not 
lleum Jieum-Jejunum Determined 
4 3 


2 


* Neurofibroma and adenocarcinoma present in jejunum of same patient. 


4 
4 
1 
‘ 
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Taste 2.—Multiple Primary Tumors 


Vatient 
Ni; M 
N;M 


Carcinoid 
Multiple polyps 


Adenocarcinoma 


N; M 
N;M 


Careinoid 


N; F 
N;M 
N;M 
Ww; F 


Adenomatous polyp 


Adenomatous polyp 


Hemangioma 


that malignant tumors were found either 
within some other part of the gastrointes- 
tinal tract or elsewhere in the body. There 
were two instances of concomitant benign 
and malignant tumors in the small bowel 
(Table 2). 


found in this series, of which only one had 


carcinoid tumors were 
metastasis. The remainder were considered 
benign. The following is a breakdown of 
the various tumors with their clinical mani- 


festations, 
Malignant Tumors 


This 


tumor and the carcinoid were the most fre 


Adenocarcinoma (ight Cases). 


quently encountered, Adenocarcinoma ac 
counted for 23.5% of the entire group. A 
history of weight loss associated with epi 


Small-Bowel Tumors 


Polyp with adenocarcinoma 


A.M. A. ARCHIVES OF SURGERY 


Other Tumors 
Adenocarcinoma of rectum 
Adenocarcinoma of colon 


Lelomyosarcoma of rectum; adenocarcinoma of 
ascending colon 


Neurofibromatosis plasma-cell myeloma 
Multiple polyps in small bowel and colon 
Adenocarcinoma of rectum; fibroma of ovary 


Adenomatous polyps of colon 


Adenocarcinoma; neurofibroma 


Adenocarcinoma of breast; adenomatous polyp 
of colon; cavernous hemangioma of brain 


sodes of gaseous distention was found in 
almost every case, but the symptoms of 
progressive small-bowel obstruction were 
responsible for bringing six of the eight 
patients to the hospital. 
caused by a jejunal polyp with malignant 
changes was the initial manifestation in one 
patient. The remaining case was one which 
resulted in death from widespread metas 
tasis to the lung, mediastinum, and_ brain 
without intestinal obstruction. 


Intussusception 


Lymphosarcoma (Two Cases).—-In one 


case the onset of symptoms was produced 
by a perforation of the jejunum at the site 
of the lesion in a 66-year-old Negro man. 
The tumor was resected, and the patient 
made a satisfactory postoperative recovery 
but died three months later of dissemination 


Fig. 1.-Section through 


solitary hemangioma of 
ileum, demonstrating 
atypical nuclei and varia 
size and 


tion im nuclear 


staining Hematoxylin 
stain; reduced to 


63% of mag. * 140 


eosin 


Age, Yr 
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Fig. 2.—Additional sec 
tion through hemangioma 
noted in Figure 1. The 
hyperchromatic and _ pleo- 
morphic cells are sugges- 
tive of a malignant 
process. Hematoxylin- 
reduced to 63% 


of mag. * 140 


eosin ; 


of residual tumor. In the other case the 
tumor was an incidental finding at autopsy 
in a 76-year-old Negro man. 


-In addition to the one 
there 


spindle-cell sarcoma of the terminal ileum 


Other Tumors. 


malignant carcinoid, were also a 
and a solitary hemangioma of the middle 
ileum with cellular evidence of malignant 
changes (Figs. 1 and 2). There was no 
metastasis or spread of this vascular tumor. 
The spindle-cell sarcoma became sympto 
matic, with the formation of an abscess in 
the tumor substance, which communicated 
with the lumen of the bowel. The lesion was 
demonstrated 


with barium 


Following removal of the tumor 


preoperatively 
studies. 
and abscess the patient made a satisfactory 
postoperative recovery but was lost to clin 
ical follow-up. He died three years later 
of an unidentified cause. The carcinoid had 
metastatic nodules in the adjacent mesen 
tery but had been asymptomatic in a 70 
year-old white man who had died of adeno 


carcinoma of the rectum. 


Benign Tumors 


Argentaffinoma (Seven Cases).—-In most 
of these cases the tumor was discovered in 
cidentally either during an abdominal ex- 
ploration or at autopsy. No evidence of 


metastasis was demonstrated in these cases. 


Roddy 


One tumor had caused an intestinal obstrue 
tion in the ileum of a 60-year-old Negro 
woman. In another case a solitary careimoid 
of the duodenum had encroached upon the 
ampulla of Vater and resulted in obstructive 
jaundice. Three of these patients had mul 
tiple carcinoids. 

Leiomyoma Cases).--A history of 


persistent melena and the presence of 
anemia were found in three of these cases. 
Intestinal obstruction occurred in two and 
an itleocolic intussusception in one 


Polyps 


Two cases of polyps in the ileum were asso 


Adenomatous (Four Cases) 

ciated with multiple polyps in the colon. 
In both bases malignant changes had oc 
curred in one of the large-bowel polyps and 
had become symptomatic with bleeding and 
partial obstruction. In another case a polyp 
caused a jejunojejunal intussusception in 
a 49-year-old Negro man, The fourth case 
was that of a 4-year-old Negro boy, pre 
Pool,” had 10 


polyps seattered throughout the duodenum, 


viously reported by who 


jejunum, ileum, and colon. 


Fibroma ( Three Cases ).—-In two of these 


cases the onset of symptoms was acute 


intestinal obstruction. One fibroma was lo 


cated in the jejunum of a 55-year-old 
Negro man and one in the terminal ileum 


of a 49-year-old Negro woman. In the 


* 


= 
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third case a 49-year-old Negro man became 
symptomatic, with an ileoleal intussuscep- 
tion. 

Lymphangioma (Two Cases).—One of 
these tumors was discovered and resected 
from the jejunum of a 47-year-old Negro 
man during an elective inguinal hernior- 
rhaphy. Inclusion of an intestinal explora- 
tion in the procedure 
prompted by a history from the patient 
suggestive of a transient attack of mechan- 
ical obstruction one week before coming to 


operative was 


the hospital. The second case was the inci- 
dental finding of a cavernous lymphangioma 
in the ileum, 


Clinical Review 


As already stated, a notable feature in the 
study of these tumors was the frequent asso- 
ciation of tumors elsewhere in the gastro- 
intestinal tract or in other parts of the body 
(Table 2). 


were separate primary malignant growths. 


In seven of the patients there 


Most of these were colon malignancies, but 
there were two cases, mentioned previously, 
other 
was that of a 


foci existed in 
One 
41-year-old Negro man who died shortly 


in which malignant 
tissues of the body, 


after arriving at the hospital. An autopsy 
revealed a carcinoid in the duodenum which 
encroached upon the ampulla of Vater, dif 
fuse neurofibromatosis with areas of sar 
comatous changes, and plasma-cell myeloma. 
In the second case autopsy on an &4-year- 
old white woman who had died in congestive 
heart failure revealed a solitary hemangioma 
in the ileum with some evidence of malig- 
nant changes (Figs. | and 2). In addition, 
there the left 
hemangioma the 
frontal lobe of the brain, and an adenoma 
tous polyp in the colon, 

The the 
in the main of emergency surgery to relieve 


was an adenocarcinoma of 


breast, a cavernous 


treatment of lesions consisted 
the signs and symptoms of small-bowel 


obstruction (‘Table 3). Rarely was the diag- 


nosis established prior to laparotomy. Nine 


of the patients with malignant tumors had 
surgical excision. Three of these, each with 
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TABLE 


3.—Presenting Signs and Symptoms 


Number Percentage 
Intestinal obstruction 13 38.2 
Hemorrhage 26.5 
Intussusception 
Perforation 29 
Obstruction of biliary tract 2.9 


Incidental $2.3 


adenocarcinoma, are still living. For a 64- 
year-old Negro woman, with involvement 
of the ileum, the postoperative period is now 
seven Another 64-year-old Negro 
woman, who had a jejunal lesion removed 
three years ago, is living and well. The 
third is a 15-year-old Negro youth, now 
with a postoperative survival of 18 months, 
who had a resection of a malignant jejunal 
polyp. Four of the patients died of their 
disease within two years, and two died in 
the early postoperative period. Of the 21 
benign tumors, 10 were removed surgically. 


years. 


Of the 10 patients, 8 recovered satisfac- 
torily and have had no further evidence of 
residual or recurrent Two died 
within a few days following the operation. 
A surgical mortality of 21% was present 
with the benign and malignant groups com- 
bined. 


disease. 


The prognosis in tumors of the small 
bowel depends upon early diagnosis and 
surgical extirpation. For the patients with 
malignant tumors the average age at the 
onset of symptoms was 58 years; for the 
benign group it was 48 years. Since the 
onset of symptoms occurs relatively late in 
the course of the malignant process, the 
opportunity for early diagnosis and _ treat- 
ment is diminished. However, the patient 
with spindle-cell sarcoma of the distal ileum 
had been examined twice in the outpatient 
medical clinic for melena during the year 
prior to the onset of abscess formation, The 
melena had been ascribed to hemorrhoids. 
Many of the patients gave a history of 
intermittent attacks of abdominal 
pain, distention, tarry stools, and occasional 
vomiting in the weeks and months that pre- 
ceded the onset of 


several 


acute intestinal obstruc 
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tion. The average duration of symptoms 
before the patient sought medical help was 
two months, but the period varied from a 
few hours to two years. The liquid con 
sistency in the small bowel predisposes to 
late obstructive manifestations. Roentgeno 
graphic examination has an accuracy of only 
25% even in the hands of skilled radiolo 
gists. McDougal ® estimates that only 5% 
of patients with small-bowel malignancies 
are alive after five years, as compared with 
25% to 57% for tumors in the large in 
testine.* 


Report of Cases 


There follow two histories which 
illustrate the multiplicity of tumors in the 
tract. both 


and the large bowel were involved with 


case 


intestinal cases the small 


either benign or malignant growths. 

Case 1.—This is a follow-up of a case previously 
reported by Pool.” A summary of his report, which 
through November, 
1953, is as follows: A 13-year-old Negro boy was 
admitted to the hospital on Oct. 22, 1953, with acute 


includes the clinical history 


abdominal pain and grossly bloody stools. He gave 
a history of intermittent attacks of abdominal pain 
during the three preceding months. Physical ex- 
amination revealed an easily 
mass, approximately 10 cm. in diameter 


palpable abdominal 
A diag- 
nosis of intussusception was made. An abdominal 
exploration through a right rectus incision revealed 
a jejunojejunal intussusception 30 em. in length. It 
was reduced by taxis and found to be caused by a 
diameter. The polyp was not 
Nineteen days postoperatively explora- 


polyp 2.5 cm. in 
removed. 
tion was again made and four jejunal polyps were 
removed. The most proximal polyp was excised 
through a jejunotomy, and the remaining three 
were removed by resection of 25 em. of jejunum 
A pathologic diagnosis of benign adenomatous 
polyps was made, 

Melanin spots were found on the lips, buccal 
mucosa, palms, and soles of this boy. The associa 
tion of these spots and intestinal polyps, as de 
scribed by Peutz, was pointed out. Examination of 
the entire family of the patient revealed similar 
melanin spots in the same locations on the father 
and four siblings. However, roentgen studies of 
the family revealed polyps in only one, his 4-year- 
old brother. On total of 10 
adenomatous polyps were removed from the duo- 


ileum, and 


exploration, a 


denum, jejunum, transverse colon, 


rectum 
The 4-year-old brother has remained asympto- 
than three However, on 


matic for more 


Roddy 


years 


Sept. 2, 1955, two years following Pool’s report,’ 
at the age of 15, the older brother was readmitted 
to the hospital with a history of intermittent ab 
dominal pains and vomiting of eight hours’ duration 
A mass was palpable below the umbilicus in the 
midline. His temperature was 99.4 F, the COs 
combining power 23 mEq/L., and the serum chlo 
The total 


hematocrit 41 vol. per 


white cell count was 
cent. A 


mitermittent cramping 


rides 96 mEq/L 
11,250, and the 
urinalysis was normal. The 
persisted, and the abdominal mass continued to im 
crease in size 

Eight hours after the patient was admitted to 
the hospital the peritoneal cavity was explored and 
a 17 cm. jejunojejunal intussusception was found 
The 
found to be caused by a jejunal polyp 3.5 em. in 


intussusception was reduced by taxis and 


diameter. In the process of reducing the intus 
susception, the intussusceptum, which was edema 
was perforated several 


tous and discolored, 


places. Thirteen centimeters of this portion of the 


bowel was resected and continuity reestablished 


with an end-to-end enteroenterostomy. The polyp, 
located proximal to the resected intussusceptum, 
was removed at its base through a jejunotomy. At 
least one additional polyp was thought to be present 
more proximally in the jejunum but was not re 
moved. Subsequent microscopic examination of the 
polyp revealed malignant changes 

On Oct. 7, 
was explored again through a left rectus incision 
to remove all polyps that could be found on a 


thorough examination of the small and large bowel 


1955, five weeks later, the abdomen 


and to perform a more radical excision of the 
jejunum in the region where the malignant polyp 
had been. Twenty-six centimeters of jejunum and 
underlying mesentery was removed. No evidence 


of residual malignant disease was demonstrated 


grossly, and no polyps were found in any part of 
In the sigmoid colon two polyps, 
and the other 2 em. im diameter, were 
stalk. Removal of the 


base of the stalk was accomplished through a small 


the small bowel 
one 0.5 em 
found on a common 6 em 
colotomy. Microscopic sections of the jejunum 

adeno 
The 


patient made a satisfactory recovery and was dis 


and mesentery were negative for residual 


carcinoma. The sigmoid polyps were benign 
charged from the hospital 10 days after the second 
operation 

Case 2.—In 1936, at the John Gaston Hospital, 
a 48-year-old Negro man had a right colectomy for 
an obstructing mucoid carcinoma near the hepatic 
flexure. Continuity of the bowel was reestablished 
with an terminal ileum 


anastomosis between the 


and the midtransverse colon. The patient made a 
satisfactory recovery 

On March 22, 1954, he was again admitted to the 
hospital, at the age of 57 
intermittent 


He gave a history of 


bleeding from the rectum and in- 
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creasing constipation for a period of five months 
During this time nocturia had become severe and 
the size of the urinary stream had become progres- 
Approximately 10 Ib. (4.5 kg.) of 
weight had been lost 
large, firm, fungating mass located just inside the 
masses were 
palpable, and there was no evidence of involvement 


sively smaller. 
On rectal examination a very 
found. No abdominal 


rectum Was 


in the inguinal lymph nodes. The hematocrit was 
24.5 gm. per 100 cc, and a total serum protein 
determination was 6.6 gm. per 100 cc, Roentgen-ray 
examinations of the chest and abdomen were nor- 
mal. An excretory urogram and an air cystogram 
were also normal. A_ rectal biopsy revealed the 
mass to be a leiomyosarcoma. 

The patient was prepared for with 
multiple blood infusions to correct the anemia and 
with phthalylsulfathiazole P. (Sulfathalidine) 
to sterilize the intestinal tract. On April 1, 1954, 
a combined abdominoperineal resection was done 
A satisfactory convalescence was made until the 
16th postoperative day, when he began to vomit 
large quantities of bile-colored material. A naso 
with afforded 


After 36 hours of gastric suction, 


surgery 


yastric tube Wangensteen suction 
marked relief 
the tube was removed and profuse vomiting re 
turned, The abdomen remained flat, however, and 
the colostomy expelled small amounts of flatus and 
feces. During the following week it was necessary 


to maintain continuous Wangensteen — suction. 
Difficulty in maintaining the blood chlorides was 
encountered. In spite of intravenous chlorides and 
other electrolytes in large quantities, the serum 
chloride level fell to 71 mEq/L. 


necessary to 


Hypertonic chlo- 
this 
The patient’s clinical course became 


ride solutions were correct 
deficiency 
one of progressive deterioration, and he was unable 
to cooperate for satisfactory roentgen studies 

On the basis of the symptomatology, the diagnosis 
of a mechanical obstruction high in the gastro- 
intestinal tract was made, On May 1, 1955, one 
month after the abdominoperineal 
exploration was carried out through a high left 
rectus incision. A tumor with a napkin-ring de- 
was found in the jejunum 4 cm. from 
Treitz. It was yellow-white in 
color and firm in consistency, Since the lesion was 


resection, an 


formity 
the ligament of 


thought to represent metastasis from the leiomyo- 
sarcoma of the rectum, the decision was made not 
to resect it. After a biopsy specimen was obtained, 
a short-circuiting ygastrojejunostomy was done 
The pathology report was adenocarcinoma of the 
jejunum 

On May 20, 1954, the patient was operated 
upon again for the purpose of resecting the jejunal 
tumor. It was removed, taking a portion of the 
distal duodenum and proximal jejunum. An end-to- 
end duodenojejunostomy was done, leaving the 
wastrojejunostomy intact. The patient was dis- 
charged from the hospital 19 days after this opera 
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tion, having made a satisfactory convalescence. 
He was followed in the outpatient clinic and did 
very well for eight months. 

On Feb. 4, 1955, however, he was readmitted 
to the hospital with a history of profuse vomiting 
and hiccups for 24 hours. He was treated with 
Wangensteen suction and parenteral fluids for 
several days. Vomiting would begin, as before, 
without continuous nasogastric suction. A diagnosis 
of a high mechanical obstruction was made. On 
Feb. 11, 1955, he was explored through a right 
rectus incision. Approximately 60 cm. distal to 
the ligament of Treitz, in the midst of dense 
fibrous adhesions, was a tumor in the jejunum with 
four palpable firm nodules in the underlying 
mesentery. Resection of this portion of the jejunum 
and mesentery, with an end-to-end enteroenter- 
ostomy, was done. The pathologic diagnosis was 
again adenocarcinoma, with tumor cells found in 
only one of the mesenteric nodes. The patient grew 
progressively weaker following this operation and 
died two weeks postoperatively. 

Comment.—A review of the microscopic 
pathology of the tumors in this case suggests 
the possibility of four primary malignancies 
in the intestines—two in the large bowel 
and two in the small bowel. The tumor in 
the ascending colon, removed in 1936, con 
tained large numbers of mucus-producing 
cells and had the histological appearance of 
being moderately The first 
18 years 
It was 4 cm. distal 
to the ligament of Treitz and had no evi- 
dence of mesenteric involvement. The third 
adenocarcinoma was in the wall of the bowel 
60 cm, distal to the ligament of Treitz. No 
involvement of the was seen, but 
one small lymph node in the mesentery, 
close to the tumor, contained similar malig 


malignant. 
jejunal tumor, which occurred 
later, Was nonmucinous. 


serosa 


nant cells. The lesion was highly anaplastic 
and differed histologically from either of the 
previous adenomatous lesions. The absence 
of evidence of lymphatic spread in the first 
jejunal tumor and the absence of serosal 
involvement in the last tumor also suggest 
a primary growth in each instance. The 


leiomyosarcoma in the rectum was obviously 


of separate origin. 


Summary 


Thirty-four cases of tumors in the small 
bowel were found at the John Gaston Hos- 
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pital over a 16-year period. The majority 


of the tumors (62%) were benign. There 
were eight cases of adenocarcinoma, in all 
but one of which the patient was admitted 
to the hospital with either intestinal obstruc- 
tion or intussusception. Argentaffinoma was 
equally as common as adenocarcinoma, but 
only 25% were at any time symptomatic. 
Only one patient with adenocarcinoma has 
survived over five years. Another patient 
now has a three-year postoperative survival, 
without evidence of residual disease. A 
third patient, who had a malignant adenom 
atous polyp of the jejunum, is living but the 
postoperative period is only 18 months. An 
operative mortality of 21% was present for 
the malignant and benign groups combined. 

In 20.6% of the entire group concomitant 
malignant growths were found elsewhere. 
Most of these were malignancies in the 
colon. The case histories of two patients 
with adenocarcinoma in the jejunum asso- 
ciated with neoplasm in the colon are pre- 
sented. 
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Anal Ileostomy 


Description of a Two-Stage Procedure 


SAM SCHNEIDER, M.D., St. Lovis 


In a previous communication,” a three 
stage anal ileostomy procedure was pre 
sented as therapeutic measure the 
treatment of ulcerative colitis and multiple 
polyposis of the colon, and the advantages 
of this procedure over those previously uti 
lized were pointed out. With continuing 
experience in the use of anal ileostomy for 
these diseases, the procedure has been short 
ened to two stages, as suggested in the 
initial report. The first stage consists of a 
total colectomy, pull-through anal ileostomy, 
and diversionary proximal ileostomy, Revi 
sion of the anal ileostomy is carried out, 
with use of local anesthesia, two days later. 
The second stage is performed about three 
months after the first and consists of an 
ileoileostomy, The procedure is detailed 
here, for those who might wish to employ it. 


Operative Procedure 


Stage 1.-This stage is begun with the 
patient in a lithotomy position, A long left 
paramedian incision is made, as shown in 
Figure 1. This permits adequate exposure 
of the splenic flexure and leaves free the 
entire right abdomen for the ileostomy ap 
pliance. 

The terminal ileum is first transected as 
close to the cecum as possible, in order to 
leave as long a segment of ileum as pos- 
sible to be pulled through the anal cuff, 


Submitted for publication May &, 1957 
H. French 
and photographed by H. L. Cradick, of the Medical 
Illustration Laboratory, 
Hospital 

From the Department of Surgery, Washington 


The illustrations were drawn by W 


Veterans’ Administration 


University School of Medicine and the Divisions 
of Surgery, the Homer G, Phillips, the Veterans’ 
Administration and the Tewish Hospitals 


R54 


\ 
Figure | 


and prevent placing the anal anastomosis 
under tension. Experience has shown that 
tension with retraction may lead to disrup- 
The dis- 
tal transection is then made 2-4 in. (5 to 
10 cm.) from the anal-mucocutaneous june- 


tion of the anal-ileal anastomosis, 


tion in order to ensure continence, as well as 
control (Fig, 2). 

Colectomy can be performed at this point 
with curettage from above and below, as 
shown in igure 3, or curettage may be 
performed from below before transection 
distally, with inspection for completeness 
before insertion of the ileum, Small residual 
islands of anorectal mucosa appear to be of 
no import. Sharp excision of mucosa is 
inadvisable in patients with ulcerative colitis, 
where scar formation makes such a proce- 
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ANAL ILEOSTOMY 


Figure 6 


dure extremely difficult. On the other hand, 
excision of the mucosa is the method of 


choice in patients with multiple polyposis. 


The terminal end of the ileum is then 
closed with a simple purse-string suture and 
pulled through the anorectal cuff, as shown 
in Figure 4. As an alternative, it may be 
tied around a mushroom catheter prior to 
pull-through, rather than later, as shown in 
Figure 5. The serosa of the ileum is then 
sutured through the full thickness of the 
proximal end of the anorectal cuff with 
nonabsorbable surgical suture, such as fine 
silk or cotton, If a mushroom catheter has 
not previously been placed, it is done at 
this time. The catheter is inserted for the 
purpose of preventing the mucosal secretion 
of the ileum from bathing the terminal 
ileum when the latter is placed in the anal 
pouch ( Fig. 5). 

The terminal ileum is then pushed back 


into the anorectal pouch beyond the internal Figure 7 
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Figure 8 


sphincter in order to obviate the constrict- 
ing effect of the sphincter on the small 
bowel, The pelvic peritoneum is sutured to 
the mesentery of the small bowel and to its 
serosa, thus closing the defect in the pelvic 
floor and preventing internal herniation. 
This closure is also made with interrupted 
nonabsorbable sutures of fine cotton or silk 
(Fig. 6). 

The patient is now taken out of a lithot- 
omy position and placed in a supine position, 
The ileum is transected with the precaution 
that the segment to be defunctioned is suf- 
ficiently mobile for later reanastomosis. The 
proximal end of this distal limb is brought 
out through the lower end of the abdominal 
incision, at a point shown in Figure 7. The 
proximal, functional ileostomy is brought out 
through a right lower quadrant stab wound, 
with excision of a small circle of skin, The 
mesentery of this segment is sutured to the 
anterior and right lateral parietal peritoneum 
with interrupted nonabsorbable surgical su- 
ture for the purpose of preventing internal 
herniation, About 2 in, of ileum is brought 
through the stab wound and the muscularis 
and serosa are excised from the terminal 
one inch, The mucosa is then folded back 
and the edge sutured to the skin with in- 
terrupted nonabsorbable surgical suture, as 
shown in Figure 8, This ileostomy is bas- 
ically of the Crile-Turnbull? type. 


858 


Two days later, the patient is again 
placed in the lithotomy, or Sims’, position, 
and, with local anesthesia, the perianal area 


Figure 9 
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Figure 10 


and sphincters are anesthetized. The pro- the precaution that the ileum is under no 
jecting terminal ileum is extended, and a __ tension, its serosa is sutured to the internal 
circular incision is made at the mucocu- sphincter with nonabsorbable suture, as 
taneous junction of the anus; this incision shown in Figure 98, The excess ileum is 


is then undermined to expose the internal — then transected, leaving adequate length for 
sphincter, as shown in Figure 94, With — suture to the perianal skin (Fig. 9C). Fi 


Figure 11 
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nally, the free edge of ileum is folded back 
and sutured to the perianal skin, as shown 
in Figure 9D, The delay of 48 hours is to 
ensure viability of the ileum for the anal 
anastomosis. 

The completed interval operation is shown 
in Figure 10. The ileum sutured to the anal 
skin is shown at 4A; the anastomosis of 
ileum to rectoanal pouch, at B; the closure 
of the defect in the pelvic floor, at C, and 
the distal, defunctioned segment is brought 
through the skin at D. 

Stage 2.-About three months after the 
completion of the first stage, the defunc- 
tioned segment is tested by inserting 100 ce. 
of water through the defunctioned ileostomy 
opening, If this water is retained for four 
hours and then expelled, Stage 2 is carried 
out. At this time the distal half of the 
left paramedian wound is reopened and an 
end-to-end ileoileostomy is performed, as 
shown in Figure 11, 

line silk or cotton is used throughout 
this procedure, First, a posterior row of 
interrupted seromuscular sutures is placed, 
the beginning of which is shown in Figure 
terior through-and-through interrupted su- 
(B), 
closed by placing a row of the inverting 


This is followed by a row of pos 


tures The anterior surface is then 
type of interrupted through-and-through su 
tures, as shown in © and completed in D. 
The beginning of the anterior seromuscular 


At is 


shown all of the anterior seromuscular su 


row of sutures is also shown in 7). 


tures in place preparatory to tying. 

After completion of this anastomosis, the 
defect in the mesentery is closed, followed 
by closure of the abdominal wall. 

Comment 

As pointed out previously, the principal 
advantage of the foregoing procedure is 
that it eliminates the necessity of a perma- 
nent ileostomy, with its disagreeable fea- 
tures, The technique here described has 
evolved from my experiences and that of 
others with various procedures for accom 
plishing a satisfactory anal ileostomy. While 
patients generally experience stool urgency 
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and loose movements during the immediate 
postoperative period, continence and control 
Eventually 
they settle down to four to six semisolid 


have been quite satisfactory. 


stools during the day and three to four 
similar bowel movements during the night. 
They acclimate well to this and much prefer 
it to their three months’ experience with 
temporary ileostomy. Most of the disagree- 
able features with anal ileostomy reported 
by others, who have not utilized the diver 
sionary ileostomy, particularly perianal ex- 
coriations and disruption of the anal-ileal 
anastomosis, have been largely eliminated 
with this procedure. 

All of the cases in my experience in re- 
cent years have had ulcerative colitis. Four 
of these were reported previously *; of this 
group, 3 were treated by the Ravitch tech 
nique,” two successfully and one with com- 
plications requiring a permanent abdominal 
ileostomy. The fourth case had a tempo- 
rary diversionary ileostomy and has now 
gone over four years since surgery without 
complications, There have been three addi 
tional successful cases since the first report, 
all treated by the two-stage procedure herein 
described. In two of these the postoperative 
period is 10 and & months, respectively, 
and in the third the procedure has only re 
cently been completed. 

Summary 

A two-stage anal ileostomy procedure is 
detailed, | have found this the treatment of 
choice in cases of chronic ulcerative colitis 
or multiple polyposis. lour cases of ulcera- 
tive colitis have been treated successfully 
with this procedure, 

4652 Maryland Ave. (8) 
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Editorials 


Nutritional Deficiencies in Various Areas 


of the World 


Several years ago, in a study of the South Korean forces, it became evident 
that there were certain nutritional deficiencies, with the result that a certain pro 
portion of these soldiers could not carry on full duty because of lack of proper 
food both in quantity and in quality. These suspicions were confirmed by a 
survey by a team of nutritionists. About the same time similar deficiencies were 
noted in some of the Nationalist troops in Taiwan, and several nutrition surveys 
were instituted. In order to correct these duplicating efforts, at the suggestion 
of Drs. Howard Karsner and Stanhope Bayne-Jones, the Department of Defense 
devised a plan for joint participation by several departments of the Government 
in problems of nutrition in various countries. The result of these efforts was the 
formation of the Interdepartmental Committee on Nutrition for National Defense 
(ICNND). Participating agencies are the Departments of State, Defense, Agri- 
culture, and Health, Education, and Welfare; the International Cooperation Ad- 
ministration, and other agencies, A formal agreement was entered into by all of 
these Departments, and funds were made available by the Departments on a 
participating basis. The Department of Health, Education, and Welfare provided 
office space and assigned the late Dr. Harold Sandstead as Executive Secretary ; 
he was succeeded by Dr. Arnold E. Schaefer after his death. 

It was at once evident to all that the experience of history teaches that military 
forces always operate at their best when well fed and well clothed. Military aid 
in the supply of material alone is not enough. In former days armies in the 
field lived off the country through which they passed; in modern warfare this is 
not possible. Rather, extensive logistic preparation is necessary, which includes 
the assurance of food, pure water, proper sanitation, and adequate measures for 
the prevention of disease: This means adequate field rations, sanitation, and high- 
quality preventive medicine. Many nations throughout the world lack these es- 
sentials and have little knowledge of the requirements of modern field medicine 
and surgery. 

Scientific data on nutrition have been available only in a limited amount 
throughout the world. In our initial plan we thought naturally of the recent 
studies in Taiwan, of a follow-up study in Korea, and then as to what other 
countries would like such a study. In April, 1955, an initial trip was made by a 
group to visit some of the Near Eastern countries. Great interest was aroused in 
Turkey, Iran, Pakistan, and Iraq, and in the following year requests were re 
ceived from the first three of those countries for such surveys. These were 
accomplished in Iran and Pakistan in February and March, 1956, with great 
appreciation on the part of their governments, and equal appreciation of the 
members of the team because of their cordial reception and also because of the 
knowledge they themselves had gained from firsthand experience in the field. 
Various of our universities were asked to participate, and they gave generously 
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of members of their faculties: Harvard, Pennsylvania State, Oregon, and Cornell 
and the Department of Health in New York. These two surveys cost $48,000 
apiece, 

Later in the year a similar team from the armed forces combining with Mary- 
land, Vanderbilt, and Cornell conducted a similar survey in Korea at a cost of 
$30,000. This study clearly demonstrated the value of such a follow-up in that 
very real improvement was noted in the troops in their foods and food supplies 
over the one made several years previously, 

In the winter of 1957 the Philippines were included, with Illinois, Tulane, 
and Vanderbilt participating, at a cost of $55,000, and in April, 1957, a team 
from the armed forces with University of Illinois, Texas A & M, and Cornell 
went to Turkey at the request of the Turkish government. The cost of this survey 
will be approximately $72,000. 

During a visit in November, 1956, to Libya keen interest was expressed by 
the Libyan government, and later a formal request was forwarded, with the result 
that Harvard, the University of Wisconsin, the U.S, Overseas Mission in Libya, 
and Great Britain are participating in a survey to be conducted there this summer, 
at an approximate cost of $72,000, 

Considerable interest has also been evinced by Ethiopia and Brazil, as it is 
realized that such surveys add not only to the store of knowledge of the group 
making the surveys but also to the knowledge and equipment of the countries 
concerned, inasmuch as during these studies teams from the host country always 
participate and are taught the various techniques and laboratory needs for such a 
survey, with which they may not be conversant. 

These surveys aroused such interest in Iran, Pakistan, Iraq, and Turkey that 
when we visited Iran in November, 1956, the government of Iran arranged a 
nutrition conference and invited representatives from Turkey, Iraq, Pakistan, 
and Great Britain to meet with us. This meeting lasted a day and a half, with 
about 200 in attendance at some of the sessions and with active free discussion 
by all concerned, The languages seemed to present no difficulty: Persian, Turkish, 
Arabic, English, and French were used interchangeably, with either printed trans- 


lations of the formal discussions available or short résumés presented immediately 
after each discussion, 


“Throughout the trip, the Nationals repeatedly expressed thanks and even 
surprise that the United States is interested in the welfare of man in other na- 
tions—his health and his food, In the countries visited, the primary concern of 
an estimated 90 percent of the people is survival, dependent upon food and shelter. 
ood becomes the so-called first line of defense” (Nutrition Report: Department 
of Defense Trip to Middle | Near] East, Interdepartmental Committee on Nutri- 
tion for National Defense. By Frank B. Berry, M.D., Chairman and Assistant 
Secretary of Defense (Health and Medical), and Arnold E. Schaefer, Executive 
Director, November, 1956). 


FRANK B. Berry, M.D. 
Assistant Secretary 

of Defense (Health 
and Medical). 
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Scientific Exhibits 


Treatment of Gastric Cancer 


GEORGE T. PACK, M.D.; GORDON P. McNEER, M.D.; RICHARD D. BRASFIELD, M.D.; 
KATHLEEN E. ROBERTS, M.D.; DOUGLAS A. SUNDERLAND, M.D.; LOUIS G. ORTEGA, M.D., and 


HENRY T. RANDALL, M.D., New York 


The Gastric Service at Memorial Center, 
in collaboration the Departments 
Hematology the 
Physiology Section of the Division of Ix 
perimental Surgery, The Sloan Kettering 
Institute, has completed a scientific exhibit 


with 


of Pathology and 


on the Treatment of Cancer of the Stomach. 
The exhibit first deals with an attempt to 
find the causes of failure after definitive 
the 
This 


study involves postmortem examination of 


for 
treatment of cancer of the stomach. 


resections have been performed 


Merit 


for Cancer and 


Awarded the Certificate of 
From 


Memorial Center Allied 
Diseases 

This work has been supported in part by grants- 
in-aid from the American Cancer Society and the 


UL. S. Public Health 
Shown as scientific 


Service 

Section on 
the 105th 

Medical Asso 


exhibit of the 


Surgery, General and Abdominal, at 
Annual Meeting of the 


ciation, Chicago, June 11-15, 1956 


American 


resection survivors carried out in the hos- 
pitals of the metropolitan area of New 
York. The patients survived operation and 
subsequently died months or years later, and 
eventually came to postmortem examination, 
A recurrence rate of 50% was observed in 
the gastric remnant, as well as a high inei 
dence of metastasis in the perigastric tissues. 
It was then determined to give the patient 
what might be considered the maximum sur 
gical effort. This operative specimen in 
cluded the entire stomach, the gastrohepatic 
and gastrocolic omenta, the great omentum, 
the left half of the pancreas, and the spleen. 
The Department of Pathology assigned one 
of its members to study these surgical 
specimens by special clearing methods, so 
that every lymph node was preserved. The 
result of this study, as shown in the accom 


panying illustrations, demonstrates a high 


incidence of metastasis to Zones 5 and 6, 
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which oceupy the pancreaticolienal ligament, 
as well as the pedicle of the spleen in cancers 
of the cardia. Almost as high an incidence 
of metastasis to this anatomic site occurs 
in cancers of the pars media, whereas in 
cancers of the distal gastric segment metas- 
tasis did not oceur in this particular area. 

‘rom this study, therefore, we have con 
cluded that for cancers of the lower third 
of the stomach radical subtotal gastrectomy 
is indicated without removal of the left half 
of the pancreas and spleen. This operation, 
however, does include a high resection of 
the stomach and removal of all the omenta. 
It is particularly important in this procedure 
to dissect the duodenum inferiorly as far 
as possible and to clear the hepatic triad of 
its areolar tissue, 

l‘or cancers of the pars media and cardia 
the maximum surgical effort is required, in 
our opinion. We believe that anything short 
of this procedure is guilty of leaving cancer 
in the substance of the distal half of the 
pancreas and splenic pedicle in 45% of 
cancers of the pars media and in 65% of 
cancers of the cardia. Total gastrectomy 
alone, therefore, is inadequate in our opinion 
for such cancers, 

The operation is performed through a 
laparothoracotomy incision, and the accom- 
panying illustrations demonstrate the tech- 
nique employed. 

In order to effect cure in cancer of the 
stomach, a high resectability rate is impor- 
tant. Figure 9 demonstrates the increase 
in resectability of gastric cancer at Memorial 
Center. It shows quite clearly that there 
is a rate of about 48% resectability for cure 
and an additional 17% for palliation, or a 
total of 65% resectability. The proportion- 
al relationship of partial to total gastrectomy 
is shown, 

The importance of a low operative mor- 
tality rate is indicated, since an increase in 
mortality rates decreases end-results with 
respect to a five-year survival. 

An appreciable number of patients attain 
five-year survival after gastrectomy for 
cancer. The graph (Fig. 11) which dem- 
onstrates this fact shows that if a patient 
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who has had a definitive resection for cancer 
of the stomach lives for about four years, 
he will, in all likelihood, remain cured of his 
disease. 

An explanation and description of the 
dumping syndrome is included (Fig. 12) 
which shows that a decreased blood volume 
and alterations in the electrocardiogram are 
the basic factors involved. It is most im- 
portant that these changes occur with the 
initiation of symptoms and revert to normal 
with their termination. 

The loss of fecal fat and nitrogen is illus- 
trated (Fig. 14) which in part explains the 
failure of patients to gain weight after 
complete gastrectomy. 

Alterations in the red blood cells found 
in the peripheral blood are explained by 
failure of absorption of cyanocobalamin 
(vitamin By) (Fig. 15) in patients who 
have had total gastrectomy, The degree and 
type of anemia after total gastrectomy is 
being studied, and is yet not completely 
understood, 


Conclusions 

1. The surgical management of gastric 
carcinoma is based on a sound knowledge 
of the lymphatic spread of this disease. 

2. It would seem that the patient who has 
passed the critical period of three and a 
half years may hope for permanent cure. 

3. Five-year cure may be anticipated in 
29.8% of operative survivors of subtotal 
gastrectomy and in 10.5% of operative sur- 
vivors of total gastrectomy. 

4. Though total gastrectomy has not in- 
creased the five-year survival rate, an in- 
creasing number of persons have been 
returned to active, useful life who might 
otherwise have been denied the opportunity. 

5. The digestive difficulties described by 


patients after total gastrectomy are due to 
the dumping syndrome. Such symptoms in 
the main may be relieved by a high protein, 
high fat, low carbohydrate diet. 

6. The degree and type of anemia after 
total gastrectomy is not yet completely un- 
derstood, 
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Incidence of Failure in Local Control of Gastric Cancer 


Fig. 1.—Tabular pre 
Findings Number Per Cent 


sentation of the failures 
of surgical control of 
gastric cancer as estab- 

Grand total ate lished by postmortem ex- 
amination of patients 
subjected to subtotal 

Total failures in local control 7 my 4 . 
gastrectomy tor cure ot 

Recurrence in gastric remnant gastric 
cardinal significance 1s 

Recurrence in duodenal stump the high incidence of (a) 
recurrence in the gastric 
remnant and duodenal 
stump and (>) the metas 


Metastases in perigastric nodes and gastric bed 


Distant metastases only tases in areas within the 


anatomic limits of opera 


bility 
No recurrence or Metastases 


Fig. 2.—Zonal distribu 


tion of lymph-node metas 
tases of 27 cancers arising 
in the proximal segment. 
The percent of cases in 
which each zone was in- 
volved is shown. Three 
additional cases had no 


metastasis 


Fig. 3.-—-Zonal distribu 
tion of lymph-node metas 
tases of 21 cancers 
arising in the middle seg 
ment. The percent of 
cases in which each zone 


was involved is shown 


Five additional cases had 


no metastasis 


ae 
\ ee 
Zone le g fay 
63% 
H% 
y 
Zone 
sour 
tr 
Zone lag 
62% 
Lone 
9 
7 
“ 
Zone 1V 
57% 


Fig. 4.—Zonal distribu 
tion of lymph-node metas 
tases ol SIX cancers 
arising in the distal seg 
ment. The percent of 
cases in which each zone 
was involved is shown 
Two additional cases had 
no metastasis, While only 
a limited number of cases 
was studied, there a 
definite distal trend ot 
metastatic distribution 


Fig. 6.—Extended total 
gastrectomy is employed 
for the operative removal 
of all cancers of the 
stomach proximal to the 
antrum. A laparothoraco 
tomy incision is used 
The  operatin specimen 
includes the entire stom 
ach, the left half of the 
pancreas and the spleen, 
and the entire gastrocolic 
and gastrohepatic omenta 


Fig. 5.—Radical sub- 
total gastrectomy is em- 
ployed for cancers of the 


pyloris and antrum. It in- 


volves wide resection of 
the duodenum; high di- 
vision of the stomach; 
high ligation of the left 
gastric artery; complete 
dissection of the gastro- 
colic and gastrohepatic 
omenta, and antecolic 
gastrojejunostomy, after 
the method of Hof 
meister 
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Fig. &—The pancreas 
has been divided and 
closed Restoration of 
wointestinal continuity by 
means of a simple ante- 


colic end-to-side esopha- 


gojejyunostomy has been 
effected An additional 
support to the anasto 
mosis may be employed 
by turning down a flap 
of diaphragm 


Fig. 7.—The gastro 
colic omentum has been 
freed from the transverse 
colon. Retrosplenic and 
retrocolic dissection has 
been accomplished 
through a bloodless field 
In this manner, the 
splenic artery and vem 
and the left gastric artery 
are readily exposed for 
high ligation. The pan 
creas is ready for section 


big. 9.--In resection of 
the tumor lies the pa 
tient’s only hope for pal 
liation or cure. Earlier 
diagnosis, a more aggres 
sive attitude, and = im 
proved surgical training 
have resulted in a much 
higher resectability rate 
Even total gastrectomy is 
sccasionally applied solely 
for palliation 
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OPERATIVE MORTALITY FOLLOWING GASTRIC RESECTION 
PALLIATIVE RESECTIONS 


Vig. 10.—Lowering of 20+ 
operative mortality rates 


should result in greater 
five-year salvage. Greater 
surgical ALLTESSIVENESS, 

patients in the older age COW] Subtote) Resections Tota! Resections 
group, has possibly been 

the cause of unaltered DEFINITIVE RESECTIONS 
operative mortality and 

therefore unchanging sal 


vage rates 
Subtotal gastrectomy 
1948-1952) 11.6% 
Total gastrectomy 
1948-1952 27.6% 


POSTOPERATIVE DURATION OF 
OF GASTRIC RESECTION 
Subtote! Resections 
Definitive resections «207 100% 
positive 164 (55%) 
Nodes negative or net sated 133 45%) (26 nat 
Palliative resections: 49 
Total Resections 
Definitive resections" ‘ 
Nodes positive 64 (70%) Fig. 11—An_ appreci- 
sated 37 (208) ant, able number of patients 


attain five-year survival 
after gastrectomy for 
cancer An increasing 
number of five-year cures 
obtained by total gastrec 
tomy attests to the value 
of this procedure 


Long-Time Survival Without Recurrence 


Years 10-11 10-15 15-20 21-22 
Subtotal 23 3 l 


Total 
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Fig. 13.—Relation of 
blood volume alterations, 
electrocardio- 
graphic changes, and 
symptomatology in the 
gastrectomized patient 
Although plasma concen 
trations of potassium and 
phosphate decrease, the 
maximal chemical altera 
tion does not coincide 
with electrocardiographic 
ilterations or symptoma 
tology. 
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BLOOD VOLUME AND E.C.G. CHANGES 


FECAL FAT AND NITROGEN EXCRETION FOLLOWING TOTAL GASTRECTOMY 
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Fig. 12.—The enzym 
atic digestion of food 
stuffs introduced into the 
jejunum results m a 
breakdown of large mole 
cules into smaller mole 
cular components, with a 
corresponding increase in 
osmolarity. This process 
serves to attract plasma 
water into the jejunum in 
an attempt to maintain 
isotonicity of the jejunal 
contents. The resultant 
decrease in circulating 
blood volume is accom 
panied by a symptoma 
tology characteristic of 
the dumping syndrome 
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Fig. 15.—By use of - ABSORPTION OF VITAMIN Bj, 


Co”-tagged cyanocobala- BB Vitamin B,, 
min U. S. P. (vitamin Vitamin By Intrinsic Factor 
Bw), absorption of cya 

nocobalamin was found to 

be deficient in patients 

who have undergone total 

gastrectomy, and to be 

similar to absorption in 

patients with pernicious 

anemia. In either instance 

absorption was normal 


when vitamin By with 


intrinsic factor was given 

In one gastrectomized TOTAL GASTRECTOMY, 1948 
patient it was shown that na HCT ] MCV | 
his anemia was unaffected 3/4/53 35.5 122 

the vitamin was given 
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@ COOLER OPERATION 
@ 9 INTENSITIES OF LIGHT 


@ INCREASED SAFETY— 
UNDERWRITERS APPROVED 


Medical men who have tried the new Super Good-Lite 
tell us there's nothing like it anywhere . . . at any 
price! Here's why: The entire unit has been redesigned 
by a group of practicing surgeons to provide a beam 
of light both brilliant and controllable . . . featuring 
nine intensities of light. The headlight construction and 
electrical circuit was designed for cooler operation and 
maximum safety. 


The Good-Lite SUPER Headlight Includes: 


@ Good-Lite parallel beam headlight. 

@ 3 types of bulbs with 3 intensities of light each, 
@ Special Ground lens to intensify light. 

@ 2 mirrors (peep-hole and plain). 


Heavy duty transformer (20 watt) with 3 positions 
and off switch. Fuse in the secondary for your 
safety. 


Molded plastic connections. 
Gray plastic stainproof cords. 
Choice of 5 types of headbands. 
Consult Your Surgical 


Supply Dealer or 
Send Coupon Today 


 GOOD-LITE MFG. CO. 


W. Madison $1. Forest Pork, Ill, 
Please send free catalog on Good--Lite Headlights to: 


City. lone Stote 
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integrate your knowledge— 
subscribe to 


A. M. A. Archives of 
PATHOLOGY 


A. M. A. Archives of 
INTERNAL MEDICINE 


A. M. A. Archives of 
OPHTHALMOLOGY 


A. M. A. Archives of 
OTOLARYNGOLOGY 


For a more complete reference shelf, we 
recommend these related journals. The 
variety of fields covered are especially ap- 
pealing to the general practitioner with 
special interests. Each issue is important 


to your practice. Begin your subscriptions 
TODAY. 


Department (D. C.) 


AMERICAN MEDICAL ASSOCIATION 
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MAIL ORDERS INVITED 


A COMPLETE MEDICAL 
PHOTOGRAPHIC SERVICE 


LANTERN SLIDES 
STILL PHOTOGRAPHY 
MOTION PICTURES 
EXHIBITS 
ILLUSTRATIONS 


PHOTOMEDICA| 


PHOTOMEDICA (formerly aren-schon) © 684 so. bonnie brae, los angeles 57 - DU 8-2445 


CUSTOM MADE 


Pancreatin 
RUBBER ILLEOSTOMY 
COLOSTOMY APPLIANCES 


WHOLE PANCREAS 
Not an extract! 


EFFECTIVE 
in substitution therapy 
in demonstrated pancreatic 
deficiency. 


Longmire, Wm. P., Jordan, Paul H., al ¢ CHEMICALLY TREATED TO HELP 
and Briggs, John D., Annals < * ELIMINATE ODOR. 
* CEMENTED TO BODY WITH OUR 
Everson, T. C., Grossman, M. and SPECIAL ADHESIVE CEMENT. 
Ivy, A. C.: Bulletin of Amer, College 409 

of Surgeons, January, 1950. ~<a For information write to: 
Literature on request. 


VIOBIN, Monticello, Illinois GERARD PRODUCTS 


Dept. A 
7875 Oakleaf Ave., Elmwood Park, Chicago 35, Ill. 
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Nilevar 


Increased nitrogen loss, with resulting nega- 
tive nitrogen balance, occurs in infection, 
trauma, major surgery, extensive burns, cer- 
tain endocrine disorders and starvation and 
emaciation syndromes. The intrinsic control 
of protein metabolism is lost and a protein 
“catabolic state” occurs. A patient requiring 
more than ten days of bedrest usually has had 
sufficient metabolic insult! to precipitate such 
a “catabolic” phase. 

Nilevar (brand of norethandrolone) has 
been used in patients with varied conditions 
including hyperthyroidism, poliomyelitis, 
aplastic anemia, glomerulonephritis, anorexia 
nervosa and postoperative protein depletion. 
The patients gained weight and felt better. 


stimulates protein synthesis, 
corrects negative nitrogen balance 


It was concluded? that “the drug certainly 
caused a reversal of rather recalcitrant or 
progressive catabolic patterns of disease.” 

Nilevar is unique among anabolic steroids 
in that androgenic side action is minimal or 
absent. 

The suggested adult dosage is three to five 
tablets (30 to 50 mg.) daily. For children 1.5 
mg. per kilogram of weight is recommended. 

G. D. Searle & Co., Chicago 80, Illinois. 
Research in the Service of Medicine. 


1. Axelrod, A. E.; Beaton, J. R.; Cannon, P. R., and others: 
Symposium on Protein Metabolism, New York, The National 
Vitamin Foundation, Incorporated, (March) 1954, p. 100. 

2. Proceedings of a Conference on the Clinical Use of Ana- 
bolic Agents, Chicago, Illinois, G. D. Searle & Co., April 9, 
1956, pp. 32-35. 
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THE Doyle 


for use in culdotomy 
as an aid to early diagnosis and relief of 
pelvic disorders 


The Doyle Pelviscope provides a means for 
magnified visualization of the pelvic regions 
through a culdotomy opening. Diagnostic / 
indications for the procedure are 


early detection of 
tubal pregnancy 
endometriosis 
ovarian or pelvic cancer 


and differentiation of 
pelvic organic disease 
from psychoneurosis 


The Pelviscope (Cat. No. 5200) 

consists of cannula, telescope 

retractor with twin light 

carriers and handle to 

position telescopes, 

foroblique telescope / / 
accessories 


- Culdotomy orifice, with The pelviscope in position, 
in case, . continuous suturing of showing an elongated tor- 
wagina to peritoneum. tuous tube at ovulation. 


*"Use of the Pelviscope in Culdotomy”, 
J, A.M. A., Feb. 21, 1953, Vol. 151, No. 8. 


ESTABLISHED IN 1900 BY REINHOLD WAPPLER 


FREDERICK J. WALLACE, President 
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1241 LAFAYETTE AVENUE NEW YORK 59, N. Y. 
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40% stronger 


reverse cutting 


AT RALO needles 


penetrate more easily—cause less trauma 


he 
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IN POSTSURGICAL NUTRITION 
oatmeal finds a well-merit- 
ed place as soon as feed- 
ings no longer need be 
limited to clear liquids. Its 
high nutrient value and 
blandness aid in rapid, un- 
eventful re-alimentation. 


“WHEN THE DAY'S CALORIE ALLOWANCE IS 
1400 CALORIES OR LESS PER DAY 2400 CALORIES PER DAY $099 CALORIES OR MORE PER DAY 
Break! ast Break! ast Breakfast 
Approximately 300 Calories Approximately 500 Calories Approximately 700 Caiories 
Orange juice, 4 oz. Orange juice, 4 oz. Orange juice, 4 oz 
Oatmeal, 1 oz Oatmeal, | oz Oatmeal, 1 oz 
Skim milk, 4 02, Milk, 4 07 Milk, 4 oz 
Sugar, | tsp Sugar, | tsp Sugar, | tsp 
Toast, 1 slice One epg Two eggs 
lightly buttered I 4 4 
oast, 2 slices Bacon, 2 strips 
Coffee without cream or sugar with butter or jelly 4 
k Toast, 2 slices 
tCoftee with cream and sugar with butter or jelly 
tFor children substitute 4 oz. skim milk 1Coffee with cream and sugar 


The Quaker Oats @mpany 


a division of his day into periods for productive 
work, for play, and for sleep makes man fare best 
when his total daily food intake is distributed over 
three sensibly organized meals. 


Since a high percentage of adolescents and adults 
forego or skimp breakfast, the physician might well 
point out the need for a sensible breakfast: a meal 
which provides energy for a morning of productive 
work, which allays hunger until the noon meal, 
which supplies an adequate share of the day’s 
nutrient requirements, and which consists of invit- 
ing, easily digested foods. 


A dish of oatmeal helps fulfill the requirements of 
such a breakfast: It provides readily available 
energy; it helps to allay hunger throughout the 
morning; it makes a notable contribution to the 
day’s nutritional needs; it fits into virtually every 
breakfast, including most of those especially low 
in calories. * 
Oatmeal is richer in protein than other whole- 
grain breakfast cereals. None are as high in thiamine 
as oatmeal. Also, oatmeal provides other B-complex 
vitamins. Its mineral content, especially of iron and 
phosphorus, rates it among the leaders. 


Its delicious taste and easy digestibility further 
qualify oatmeal as an ideal “habit food’ for a 
sensible breakfast. 


Quaker Oats and Mother's Oats, the two brands 
of oatmeal offered by The Quaker Oats Company, 
are identical. Both brands are available in the Quick 
(cooks in one minute) and the Old-Fashioned vari- 
eties which are of equal nutrient value. 


CHICAGO 
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AN IMPORTANT ADV. 


smooth INDUCTION 
smooth ANALGESIA 
smooth RECOVERY 


¥ Given in combination with an ultra short- 
_ acting barbiturate and nitrous oxide-oxygen, 
- Demerol drip assures smoother anesthesia, 
_ potent easily controllable analgesia, as well as _ 
_ more rapid and more pleasant recovery.* 
- Demerol drip, in a study of 1000 patients,” 
has shown these advantages: 


¢ 51 per cent less short-acting barbiturate 
required than in controls 


reflex irritability diminished 


* minimal interference with cardiac and 
respiratory functions 


* smooth, rapid induction and recovery 


The Demerol hydrochloride drip (250 mg. in 500 cc. 
dextrose 5 per cent in water or normal saline) is started 
before anesthesia is induced by the short-acting 
barbiturate (2 to 2.5 per cent solution). Nitrous oxide 
75 per cent and oxygen 25 per cent is given after 
onset of unconsciousness; the amount of Demerol is 
regulated by respiratory rate, surgical trauma. 

SUPPLIED: 


Write for leaflet “Demerol hydrochloride, 
1 cc, (50 mg.), vials 80 ce. gi Intravenous Use” which discusses clinical 
(50 mg. per ce.). fe experience, technics, precautions, etc. 


* NEW YORK 18, 
 *Ausherman, H.M.; 


Nowill, W.K.; and Stephen, C.R. a 

Hospital): JAM-A., ; Demerol (brand of meperidine), 
160;175, Jan. 21, 1966. twademerk reg. U.S. Pat. OFF. 
US. 
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